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NOTESJonathan Podborsek, Robert Stuart-Smith and I originally founded Kokkugia in 2004. I established Studio Roland Snooks in 2012. Robert and I currently co-direct Kokkugia, 
and many of the projects, ideas and processes reflected on within this PhD have 
been developed between us. Robert and I have collaborated on numerous multi-
agent projects, beginning with the Swarm Urbanism project in 2008, developing many 
processes and ideas in parallel or in collaboration. Our work operates in a mutual 
feedback loop of influence. 
I often use ‘Kokkugia’ in the text to refer to my practice – in reality this is shorthand 
for referring to the work that is undertaken either through Kokkugia or Studio Roland 
Snooks, as they are closely intertwined. Throughout the text I switch between using ‘I’ 
or ‘we’ when writing in the first person. ‘I’ generally indicates my opinions and reflection, 
whereas ‘we’ is generally used to describe the design process, as all these projects 
involve designing within a team. The project teams and collaborators for these projects 
are listed in the Catalogue of Projects.
This reflective practice PhD examines and draws on the work of my practice primarily 
from the last five years. However, this work dates back to my original adoption of multi-
agent algorithms for architectural design in 2002. Consequently, the PhD consists of 
the reflection on this body of work (concepts, processes and design projects) rather 
than the body of work itself. This reflection is demonstrated through writing in the form 
of essays, strategies, techniques and project descriptions. The other form of reflection 
is the feedback of reflected knowledge into the design of subsequent projects – a test 
and instrumentalisation of reflection. The following projects were designed through this 
methodology while I was enrolled in the RMIT PhD program (since March 2012) and form 
part of the reflection of this PhD: Fibrous House, Cliff House, Aalto University, Flinders 
Street Station, Composite Swarm, Kazakhstan Symbol and a revised version of the 
Malibu House.
The text that forms this PhD document incorporates some ideas and description of 
design processes that were developed in the period prior to commencing the PhD. The 
following texts or fragments of texts included in this document that were written prior to 
the PhD process are:
• 2.8 Swarm Urbanism: The description of the concept of swarm urbanism and the 
description of the process used in the Melbourne Docklands project draw heavily 
from an original project description written in 2008.
• Parts of the essay, 1.2 Behavioral Methodologies, are reproduced from a previous 
essay ‘Behavioral Matter’ (published in Goldemberg 2012). That essay describes 
aspects of design processes that were developed and written about in several 
publications prior to this PhD, and continue to be used in my work. 
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1Emergence and the behavior of complex systems are increasingly defining the 
contemporary understanding of processes as diverse as natural phenomena, social 
structures and the existence of consciousness. An interest in this self-organising 
behavior is explored in my architectural work through the development of a 
computational, generative design approach. The focus of this thesis is the interaction of 
emergent processes of formation and architectural design intention: a conceptualisation 
that has emerged through a process of reflecting on my practice of architecture.
This PhD reflects on the projects, processes, techniques and concepts that have come 
to shape and define my practice. The body of work examined here has been developed 
through Kokkugia (an experimental research collaboration with Robert Stuart-Smith) and 
my architecture practice, Studio Roland Snooks. Through this process of reflection, I 
have extracted, articulated and developed a series of strategies, ideas and sensibilities 
that have been redeployed in subsequent projects, and point to future directions in this 
work.
This body of work is positioned within an emerging group of architects who are engaging 
with complex systems, generative design strategies and algorithmic techniques. The 
original contribution this design research makes within this milieu lies in my focus and 
experimentation with a process of embedding architectural design intention within 
generative algorithms. Design intention is recast as behaviors – discrete, micro-scale 
architectural decisions, relationships or procedures – that are encoded within multi-agent 
algorithms. It is the local interaction of these agents that self-organises architectural 
design intention at the macro-level. An iterative design process has been established 
that negotiates between this emergent process, subjective evaluation and direct 
design decisions. The multi-agent algorithms developed in this design research draw 
on the logic of swarm intelligence (a branch of complexity theory), which describes the 
emergent, collective behavior that can be found in phenomena such as schools of fish, 
flocks of birds, social insects and slime mould.
The implications of working through these highly iterative, non-linear, computational 
design processes are manifest as a compression of tectonic hierarchies and a blurring 
of geometric types. This behavioral design process negotiates between various 
architectural design intentions through the geometry of architecture, creating a synthetic 
but differentiated assemblage, and uncoupling geometric elements from architectural 
roles. The architectural projects that we coax out of these processes exhibit emergent 
qualities – strange, intricate characteristics; complex order; and intensive capacities to 
affect.
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fig 0.0.1 Behavioral Formation diagram: this is a reflective 
tool that I have developed and used throughout the PhD 
to arrange the dominant influences on my projects, and 
position my practice within a wider milieu. It is always in 
a state of flux - rather than finished or finite. 
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5Emergent processes of formation create intensive, heterogeneous, intricate, 
complex phenomena. These processes have come to define our contemporary 
understanding of the nature of becoming, which stands in contrast to traditional 
notions of architectural design and authorship. This thesis, and the design 
research that it encompasses, speculates on the relationship between emergent 
processes of formation and architectural design intention, and explores the 
architecture that is drawn out of this interaction. 
This research operates within a larger architectural and cultural concern for 
complex systems and their role in algorithmic design processes. The original 
territory this thesis carves out from this larger milieu is the articulation of a design 
process in which architectural intention is embedded within emergent processes. 
This process reconceptualises design intention as behaviors that locally interact in 
a self-organising process of formation – Behavioral Formation. 
The focus of this thesis is the process and outcome of negotiation between 
the bottom-up emergent capacity of complex systems and the direct, or top-
down, decisions of the architect. This thesis posits a strategy in which the 
design intention of the architect is both encoded within algorithmic systems of 
emergence and operates externally to the algorithm to evaluate the generative 
outcomes. This approach is an important shift from the dominant contemporary 
architectural use of algorithms where design intention is limited solely to iterative 
evaluation.
INTRODUCTION
6This design research is a part of an emerging contemporary movement in 
architecture that engages complex systems, generative design strategies 
and algorithmic techniques. Frederick Migayrou and Marie-Ange Brayer have 
perhaps best defined this group of young architects through the curation of 
the ArchiLab exhibition at FRAC (2013), in which several Kokkugia projects 
were exhibited. Amongst others, this group includes Alisa Andrasek, Marc 
Fornes, Michael Hansmeyer, Achim Menges and Neri Oxman.1 The work of 
this group has developed out of the generative digital turn in architecture2 that 
emerged in the early 1990s, with Greg Lynn3 as a key protagonist. This first 
generation of speculative digital architects was defined and crystalised through 
the Architectures Non-Standard exhibition at the Centre Pompidou in 2003. 
However, many of the current generation also trace a lineage of generative design 
processes through Frei Otto to Antoni Gaudi.4
PROCESS AND STRUCTURE OF THIS REFLECTIVE PRACTICE PHD
This PhD is a reflection on the practice of Kokkugia and Studio Roland Snooks; 
examining the projects, processes, techniques and concepts developed and 
employed during the past twelve years. This has enabled new knowledge about 
this body of work to be extracted, further advanced through intensive design 
research, and articulated. The structure of this thesis encompasses four different 
categories of writing – essays, design strategies, techniques and key projects 
– which are interleaved to illustrate a specific trajectory through the work. The 
essays posit ideas, concepts, arguments and methodologies, while also placing 
the work in a wider theoretical context. Relationships between Kokkugia’s work 
and that of its contemporaries are also examined. 
The first essay, ‘The Unravelling of Certainty’, traces a lineage of ideas that led 
to the formation of complexity theory, and discusses how these ideas have 
been absorbed into architecture. This essay explores the relationship between 
Greg Lynn’s animate form projects and Deleuze’s ontology of becoming, and 
the catalytic role these played in architecture’s ‘digital turn’5. The second essay, 
‘Behavioral Methodologies’, explains the design processes developed through 
Kokkugia’s body of work, with a primary focus on the role of embedding design 
intention within an algorithm and the architectural implications of these processes. 
This essay also forms an introduction to the design strategies that explain 
1.  ArchiLab, the relationship to biology, and an 
outline of a broader group of contemporaries is 
discussed in 1.4, Affects, Objects, and ArchiLab.
2.  Mario Carpo provides an overview of this in 
his AD publication The Digital Turn in Architecture 
1992–2012 (Carpo 2013).
3.  The relationship between Lynn’s animate form 
projects, process philosophy and complexity theory 
is discussed in greater depth in 1.1, The Unravelling 
of Certainty.
4.  This lineage has been drawn upon in 
contemporary computational architecture, 
particularly by those exploring physics based form-
finding and material computation. This is discussed 
at greater length in 1.3, Volatility.
5.  This term is a reference to Mario Carpo’s book 
The Digital Turn in Architecture 1992–2012(Carpo 
2013), in which he outlines the development of 
speculative digital architecture from the early 
1990’s. 
7particular aspects of the design process in greater detail. ‘Volatility’, the third 
essay, posits an argument for the creative potential of instability within emergent 
processes of formation, and critiques the conservative adoption of computation 
within architecture. The final essay, Affects, Objects and ArchiLab, discusses three 
contemporary trajectories that have evolved out of architecture’s digital turn, and 
explains how they relate to the parallel development of Kokkugia’s body of work.
Eight design strategies that have been identified within Kokkugia’s work are 
further developed in this thesis: fibrous assemblages, polyscalar tectonics, 
strange feedback, agency of structure, agentBodies, manifold swarms, behavioral 
composites and robotic fabrication, and swarm urbanism. These strategies have 
largely emerged out of the process of reflecting on the projects and their design 
processes. Articulating these strategies has enabled them to be subsequently 
redeployed iteratively in this ongoing design research, with the additional intention 
of making them accessible for wider dissemination beyond Kokkugia. While some 
of these strategies are responses to specific problems revealed through the work, 
others are more speculative in nature.
The design research examined in this thesis relies on highly technical algorithmic 
processes. Sections on techniques explain the operation of the multi-agent 
algorithms developed through this research. Observations that have emerged 
from Kokkugia’s processes are also discussed; for example, ‘Approaches to 
Encoding Architectural Intent’ reflects on four modes of algorithmically encoding 
intention in multi-agent design processes.
Thirteen key projects have been selected that represent the development of ideas, 
strategies and design sensibility within Kokkugia’s body of work. The reflective 
nature of the project descriptions arises from a sustained attempt to understand, 
define and describe the mutual influences operating across these projects. 
These are written in the first person as a strategy to expose the processes and 
underlying ideas of the projects. 
Six of these key projects were designed during the course of the PhD, and have 
become part of the reflective feedback process, where ideas, strategies and 
processes that were articulated through this reflection were then fed back into 
8new projects in a recursive loop. Ultimately, it is through this process of reflective 
feedback in the design of successive projects that the specific nature of this 
architecture has emerged.
EMERGENCE
A complex system is created through the interaction of simple elements that 
gives rise to behavior that is greater than the sum of it parts. The self-organising 
behavior of these systems generates complex order and emergent phenomena.6 
As Manuel DeLanda points out, these are increasingly playing an important 
role in our conception of formation: ‘We are beginning to understand that any 
complex system, whether composed of interacting molecules, organic creations 
or economic agents is capable of spontaneously generating order and of actively 
organizing itself into new structures and forms’. 
For a discipline engaged in designing organisation structures and form, 
emergent processes of formation are potentially powerful tools in the design 
process. Instrumentalising these processes within architecture is an intellectual 
engagement with complexity and with the processes of formation that operate 
within the world. The compelling aspect of complex systems for architects, 
however, is not the scientific explanation of becoming, but the phenomena of 
emergence and its intensive, affective capacity7. Examples of these emergent 
characteristics include the turbulent nature of tornados, the intricate networks 
of slime mould, and the complex order of cellular automata rule 1108. The 
application of these emergent processes to architectural design has the capacity 
to create spaces that are experienced in a fundamentally different way to the 
space of Classicism or Modernism – affects defined by an emergent rather than 
reductive order. 
Complex systems have permeated the contemporary psyche, being understood 
through the cities we live in, the social media through which we communicate, 
and the algorithms that suggest what we buy, listen to, or read. This milieu has 
given rise to a popular understanding of authorship that is significantly different 
from that of a decade ago. Open source, crowd sourcing and notions of 
collective intelligence have undermined the individual author and formed a new 
understanding of distributed authorship9. While working through similar underlying 
6.  The definitions of, and relationship between, 
complex systems, self-organisation and emergence 
are expanded on in 1.1, The Unravelling of Certainty.
7.  ‘Affect’, ‘affectual’ and ‘affective’ are used to refer 
to the emotional effect of architectural space on the 
subject; see Glossary of Terms.
8.  See Glossary of Terms.
9.  Distributed authorship in architecture and its 
analogy to Web 2.0 concepts are discussed by 
Mario Carpo in the essay ‘Digital Indeterminism: 
The New Digital Commons and the Dissolution of 
Architectural Authorship’ (Lorenzo-Eiroa 2013, pp. 
47–51).
9complex systems, this thesis is not about distributed authorship, but rather 
about the distribution of the author’s design intent and its reconceptualisation as 
behaviors that interact in a non-linear system of self-organisation.
AUTHORSHIP AND INTENTION
In establishing the modern notion of architectural design, Leon Battista Alberti 
separated authorship from craft through notation, establishing the authority of 
the master architect that is still a dominant understanding within the discipline.10 
While the certainty of authorship has come under various attacks, the relationship 
of authorship to digital generative processes are most relevant here. Greg Lynn’s 
animate form projects of the mid 1990s ignited criticism of the perceived loss 
of authorship in working with dynamic processes, including issues such as 
the ‘stopping problem’11. The problem, however, was not insufficient logic for 
stopping the process; on the contrary, it was the inability to sufficiently encode 
subjective design intention – the architect’s will – within the systemic animate 
processes.12 In Lynn’s animate form projects, design intention operates through, 
or is translated into, a series of simulated natural forces external to the pliant 
surfaces that they inflect. This is a morphodynamic process in which the surfaces 
are receptors of formal influence, and the sophistication of design intention 
is limited by the capacity to translate this intention into physical forces, such 
as winds, gravities and vortices. A similar critique could be levelled at another 
important influence – the form-finding ‘material computation’ of Antoni Gaudi and 
Frei Otto13 – where generative authorship is limited to physical laws and material 
properties. The inability to embed architectural decisions within a generative 
model remains a primary limitation of contemporary algorithmic processes, and 
substantially defers architectural intention to the evaluation of these generative 
models.
Processes are adopted, and occasionally adapted, from biology or computer 
science and applied to architecture, where the dominant interface with 
architectural intention is the evaluation of the iterative outcomes of the algorithm. 
These adopted algorithms do not operate on any architectural logic. Instead, it is 
the architect’s role to adjust their parameters iteratively in an attempt to navigate 
their outcomes to a successful architectural result. An even more concerning 
trajectory within computational design is the prevalent ambition to remove the 
10.  Mario Carpo posits that Renaissance 
humanists, and in particular Alberti, ‘invented 
architecture as an art of drawing, and the notion 
of the modern architect as a new kind of humanist 
author – a thinker and maker of drawings’ (Lorenzo-
Eiroa 2013, p. 48).
11.  The stopping problem was a critique of animate 
processes, which questioned the logic for stopping 
the process at any given frame or point in time.
12.  Lynn’s work is an important precursor to this 
research, which is discussed at greater length in 1.1, 
The Unravelling of Certainty.
13.  In particular, this is a reference to Gaudi’s 
catenary models and Otto’s soap-film models, 
which are discussed in greater detail in 1.3, 
Volatility.
10
designer from this feedback loop, automating evaluation based on quantitative 
criteria, such as structure, in an attempt to optimise the engineering performance 
of buildings.
Behavioral Formation instead posits a primarily morphogenetic design process 
in which distributed architectural intention algorithmically self-organises in 
a process of emergent formation. This emergent intention negotiates with 
qualitative evaluation and direct design decisions. Consequently, the primary 
form of intention operates at the micro-scale and is conditioned by macro-
scale intention. This process is a balance between the volatile, self-organising, 
algorithmically embedded intention, intuitive evaluations, and more stable, explicit 
decisions. All of these forms of intention are subjective and qualitative; however, 
the algorithmically embedded intention operates systemically, while the evaluation 
operates intuitively. 
This algorithmic approach draws on a subset of complexity theory known as 
‘swarm intelligence’, which can be defined as the interaction of local agents from 
which collective behavior emerges.14 The translation of this logic into architectural 
design involves distributing the architect’s design intent as numerous discrete 
behaviors within a field of agents; it is the local interaction of these agents that 
leads to the self-organisation of a meta-level design intention. Through the design 
projects and the reflective process of this thesis, the implications of embedding 
intention in this manner are explored. The design intention embedded within these 
behaviors ranges from specific tectonic decisions to more abstract behaviors 
designed to produce emergent behavior at a larger scale. 
At this juncture it is worth defining ‘intention’ in further detail. Intention is used 
in this thesis to describe an architect’s desires, sensibilities or design criteria. 
Intention can be propositional, as a desire is, or a constraint, such as a criterion. 
The sensibility of an architect is an accumulation of their tropes, biases and 
tendencies – their intuition. Intention can relate to aesthetics, form, program, 
structure, ornament, affects or any other aspect of architecture. The nature of 
the design intention within this body of work is not straightforward to describe; 
instead it is best understood through the projects and their descriptions. 
14.  Swarm intelligence is discussed in greater detail 
in 1.1, The Unravelling of Certainty.
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Behavioral Formation draws on the volatility of complex systems that operate 
at the ‘edge of chaos’15. These far-from-equilibrium16 states have the greatest 
potential for emergence and the generation of new forms and organisations, 
generating behavior that is not given within their starting conditions or parameters. 
Working with volatile systems is inherently experimental. These processes are 
never pure or essentialist; they create chaotic conditions and catastrophic 
shifts. The intensive processes at work in Behavioral Formation inextricably tie 
the process and object, imbuing the emergent forms with intricate, complex 
and affectual qualities. This intensity is evident in the bronze memorial space of 
Kokkugia’s Babiy Yar project17, where the intricate organisation of the bodies 
melts into a continuous, highly differentiated surface. Similarly, the emergent 
operation of the design process developed for the National Art Museum of China18 
creates a turbulent swarm of glass scales, imbuing the project with the intensity of 
this dynamic process. 
There is no single scientific definition of complexity, while emergence is even 
harder to define. As John Holland points out: ‘It is unlikely that a topic as 
complicated as emergence will submit weakly to a concise definition, and I have 
no such definition to offer’.19 Despite James Crutchfield’s claim that ‘detecting 
the emergence of complexity in nature are inherently subjective’, the argument 
posited in this thesis is that emergence is a real phenomenon independent of the 
observer – although not quantifiable. Stephen Wolfram demonstrates that the 
edge-of-chaos conditions in cellular automata cannot be quantitatively evaluated 
or recognised: they are qualitative.20 This is crucial for design, as it foregrounds 
the importance of the architect’s interaction in teasing out emergent qualities from 
complex systems, given that the complexity of a system is not a determinant of its 
qualitative emergent characteristics.
It is the emergent properties of self-organising systems and their affectual 
capacities that make them compelling. However, the ability of these systems to 
negotiate complex problems, such as the self-organisation of programmatic or 
structural models, is a significant contributor to their robustness as architectural 
design tools. The capacity to negotiate pragmatic concerns within a highly volatile 
process enables an integration of both the wild and the practical. 
15.  ‘Edge of chaos’ refers to the state of a system 
that is between order and chaos. This is a state of 
maximum complexity.
16.  Far-from-equilibrium systems are those in a 
state of dynamic equilibrium. The term was coined 
by Ilya Prigogine in relation to thermodynamics.
17.  Key Projects, 4.10.
18.  Key Projects, 4.7.
19.  Holland 1999, p 3.
20.  The qualitative nature of Wolfram’s 
classifications is discussed in greater depth in 1.3, 
Volatility.
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Designing through volatile algorithmic processes shifts the nature, but not the 
degree, of authorship. Design intention within behavioral processes of formation 
does not relate to the exact dimension or topology of architecture, but instead 
to the characteristics of architecture: those that emerge from the behavioral 
process. Form remains within flux for long periods through these processes, while 
emergent formal characteristics are more resilient and reoccur across iterations21. 
This is a shift in focus from designing the form of the object to designing the 
nature of the object, where the form is teased out as an emergent property.
While the design processes described in this thesis are algorithmic and 
consequently systemic, the architectural intent and underlying behaviors are highly 
subjective. These architectural decisions relate to such concerns as the topology 
of space, intricacy of structure, and the expressive characteristics of form. These 
qualitative concerns exceed the pragmatic issues of building science – and, in 
this regard, Behavioral Formation departs significantly from many computational 
design approaches that relinquish design intent to the pragmatics of optimising 
building performance. The performance of architecture relative to environmental 
comfort, structural sufficiency and environmental sustainability are necessities, but 
it is argued here that these should not be elevated to the position of the driver of 
architectural design. The projects contributing to this thesis negotiate pragmatic 
concerns; however, their subjective, intuitive architectural intention is never 
abandoned to a set of pseudo-objective criteria. 
The non-linear nature of Behavioral Formation differentiates it from the linear 
causal relationships established between parameters and geometric change 
in parametric design or associative modelling. Within linear parametric design, 
all possibility is already given in the starting condition. This is a paradigm of 
development rather than inception, as it offers no process for something new 
to emerge. Parametric design is currently the dominant mode of digital design, 
reducing computation simply to a flexible tool of manipulation, and neglecting the 
ability of computation to deal with complexity and processes of formation. Design 
becomes an act of selection, rather than emergent formation.
Behavioral Formation is an alternative approach to designing through either a 
hierarchical subdivision of form or the composition of parts. Behavioral processes 
21.  These formal characteristics include properties 
such as the curvature or local organisation of parts, 
and their behavior can be illustrated through the 
example of liquid foam. In generating foam, the 
topology or size of the bubbles is unpredictable, but 
their foaminess is a stable emergent characteristic. 
This concept is described in greater detail in the 
article ‘Observations on the Algorithmic Emergence 
of Character’ (Snooks, in Abruzzo 2007, pp. 
92–101).
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of formation work by accumulating architectural geometry or matter, such as the 
assemblage of strands or agentBodies22. This description of architectural matter is 
characterised by its small scale relative to the whole – a network of interconnected 
parts that weave together to form irreducible assemblages. These interconnected 
parts have specific, designed, geometry, distinct from simple computational 
geometry such as voxels23 or particles. However, these tectonic assemblages 
are not compatible with the way we currently construct buildings, as they do 
not privilege the surface, or the standardised building components used in their 
construction. The feasibility of behavioral processes of formation is dependent on 
the development and appropriation of a new set of robotic and direct-deposition 
fabrication and assembly techniques. Reprogrammable robotic construction 
enables intricate, non-standard assembly of parts, while direct-deposition 
techniques open up a new space of formal possibility. These techniques allow the 
accretion of material to be thought of in a similar manner to the digital process – 
as behavioral.24
An argument for generative design is often made by using the somewhat dubious 
claim that the process overcomes preconceived architectural forms, organisations 
or tectonics. The work here does not claim to be beyond preconception. 
However, the generative processes do produce a specific characteristic of form 
and articulation that resists being explicitly drawn or modelled, while deferring the 
onset of the architect’s latent formal tendencies. The directly modelled aspects 
of these projects, and to a lesser extent those derived through a feedback of 
generative and direct modelling, have a series of reoccurring forms. An example 
of this can be seen in the transition from ‘wing’ to ‘vortex’ that reoccurs in the 
Cliff House, Flinders Street Station and Kazakhstan Symbol projects.25 Volatile 
processes create a delay in the onset of these reoccurring forms, negotiating 
between direct and algorithmic tendencies. 
The design strategies that contribute to this thesis are not intended to create 
indexical26 forms or purist outcomes from complex systems. Instead, these 
projects are the outcome of subjective decisions applied in a process of 
negotiating between emergent behavior of complex systems, pragmatic concerns 
and direct formal and aesthetic intentions. Strange feedback, which is becoming 
an increasingly important strategy in this design research, describes the constant 
22.  See 2.5, AgentBodies.
23.  See Glossary of Terms.
24.  The relationship to robotic fabrication and fibre 
composite materials is discussed in 2.7, Behavioral 
Composites and Robotic Fabrication.
25.  Key Projects, 4.4, 4.12 and 4.8 respectively.
26.  Indexical is used to describe an object that 
indexes, or refers, to its process of formation 
in which there is a causal relationship between 
formation and the characteristics of the object.
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feedback and interaction between bottom-up algorithmic processes and top-
down modelling. This strategy creates an additional loop of design intention 
and subjective authorship, where the outcome of direct modelling processes 
becomes the input to algorithmic processes, and vice versa. This is a reoccurring 
operation that iteratively creates a synthesis or correlation of direct and generative 
operations.
Reflecting on the influence of subjective formal and aesthetic concerns in these 
projects is more difficult than noting the conceptual or algorithmic processes. 
Nevertheless, a number or reoccurring traits can be traced through the work, 
such as an interest in geological and fibrous forms. This geological interest is 
evident in projects such as the Babiy Yar Memorial and the Malibu House27, with 
their faceted volumes representing a shift away from the primacy of surface in 
favour of monolithic forms. One of the motivations for these forms is an attempt to 
resist the discrete normative reading of wall and roof as composed elements, and 
to destabilise the relationship to ground. The fibrous assemblage projects, such 
as the Fibrous and Cliff houses28, are rooted in an understanding of the underlying 
structure of organic material as heterogeneous assemblages of micro-fibres. Both 
of these strategies are driven as much by aesthetic concerns as by the attempt to 
delay the onset of known architectural vocabularies. They are a type of monolithic 
continuum: the building as solid material or as a thick mass of fibres. Coloration in 
the projects is used either to reaffirm this continuum (such as the monochromatic 
gold of the Kazakhstan Symbol) or to express their heterogeneous nature (such 
as the gradient coloration of the Yeosu Pavilion).29 Both of these moves are 
attempts to imbue these projects with a richness that was resisted by the purity of 
Modernist forms and its privileging of spatial manipulation, or the all-white formal 
manipulation of parametricism30.
Although the geological example is a formal language appropriated from outside 
architecture, other tendencies emerge from the processes themselves. These 
emergent tendencies or characteristics are coaxed out and refined to become 
part of a set of procedural operations, which are redeployed across multiple 
projects. The agentBodies research began as an experiment in blurring the 
relationship between line, component and surface. The capacity of this process to 
generate intricate and ornamentally expressive woven tectonics has since become 
27.  Key Projects , 4.10 and 4.11 respectively.
28.  Key Projects, 4.3 and 4.4 respectively.
29.  Key Projects, 4.8 and 4.6 respectively.
30.  Parametricism is a term coined by Patrick 
Schumacher to describe what he considers to be 
the next major style after the International Style. 
Examples of Parametricism include recent projects 
from Zaha Hadid Architects such as the Heydar 
Aliyev Center and Galaxy SoHo in Beijing.
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the focus of the strategy, which has been redeployed in projects including Flinders 
Street Station and Composite Swarm31.
The tendencies and limitations of the agent-based algorithms developed 
within this research have been exploited, exaggerated and developed into a 
highly personal formal language. This language of hairy, fibrous, blurred and 
geological articulations is not an indexical outcome of agent-based processes, 
but the interaction of individual subjectivity and the generative capacity of these 
algorithms32. 
The design strategies and projects posited here have a complex relationship to 
biology. The algorithms that underlie this work are not dissimilar to those that 
underlie many natural phenomena, such as the flocking of birds, the behavior of 
social insects, or slime mould. However, it is the logic of mutual local interaction 
that leads to collective emergent behavior, which has been appropriated from 
swarm intelligence, rather than any specific biological behavior. Similarly, the 
geometry that is created by the accumulation of many small strands though 
the fibrous assemblages strategy has been informed by an understanding of 
the fibrous character of biological material from electron microscope imaging. 
However, there is no direct imitation of specific biological conditions or 
processes. Instead, these images become another way of conceptualising and 
describing geometry: a shift from the mathematical description of surface to the 
computational accumulation of vectors.  
IMPLICATIONS
Complex systems are inherently processes of negotiation. Behavioral Formation 
operates through feedback within the design process and the relationship of 
architectural parts or elements. So while hierarchies are not predetermined, they 
arise through the process as an emergent property of the system.33 This non-
linear algorithmic process creates formations that simultaneously embed multiple 
criteria or intention within a single form. This negotiated whole is a significant 
departure from the discrete articulation of architectural elements and roles that 
has dominated architecture from antiquity to Modernism. This approach offers a 
reconceptualisation of architectural order as an emergent hybrid condition. The 
mutual interconnectedness of architectural roles blurs the distinction between 
31.  Key Projects, 4.12 and 4.13 respectively.
32.  The messy, hairy characteristics developed 
in this work have been influenced by the work of 
Jason Payne and Francois Roche.
33.  This is discussed at greater length in the 
Behavioral Methodologies essay.
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parts and creates irreducible assemblages. Parts are not articulated discretely: 
they are inseparable from the whole. 
This interconnectedness extends to drawing conventions. Modernism rejected 
the privileged perspective of the Renaissance in favour of the objectivity of the 
axonometric, and in particular the exploded axonometric (the notational device of 
discrete articulation). The architecture of Behavioral Formation is interconnected 
and irreducible; it cannot be drawn with exploded axonometrics. Instead, it is 
described through generative behavior diagrams, tectonic chunks and renders 
that convey emergent affects.
Behavioral Formation resists known architectural expressions by undermining the 
hierarchies and recognition of architectural signifiers. The geometry of Behavioral 
Formation does not relate to a given architecture role: it is not a beam, column or 
façade, but potentially a negotiation of all these. These roles do not have a linear 
relationship to geometry within the design process; instead, geometry negotiates 
between these roles, recast as behaviors, creating hybrid geometries embedded 
with multiple intents. The concrete shell of the Fibrous Tower34 is simultaneously 
structural, ornamental, sun shading and inhabitable. This blurring of roles extends 
to the blurring of geometric descriptions. The generation of geometry from the 
bottom up – from fibrous assemblages – blurs the distinction between line, 
component and surface. These conditions are no longer conceptually different; 
rather, they are different instances of the accumulation of the same geometry. A 
line is the linear accumulation of points rather than a mathematical description 
of connectivity between two points. Likewise, a surface is the matting together 
of lines or fibres in a manifold topology, rather than the description of u and 
v isoparameters35. This enables architectural geometry to subtly shift or blur 
between surface, line and component.
A recurring strategy in this design research is the use of recursive techniques 
to create self-similar tectonic expressions across scales – polyscalar tectonics. 
This approach repeats the same process of formation at multiple scales, which 
necessarily separates geometry from a specific role. The role of geometry 
changes from one scale to another (for example, from spatial to ornamental), while 
the geometric expression is consistent at the various scales. This creates a highly 
differentiated but continuous whole. 34.  Key Project, 4.1.
35.  This is the logic of describing a spline surface.
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Redundancy is a characteristic of complex systems, such as the routing 
networks of the internet, or the minimal path networks of slime mould. The 
role of redundancy in Behavioral Formation is in opposition to contemporary 
concepts of optimisation that isolate and quantitatively evaluate specific minima 
or maxima conditions, such as structural efficiency or solar gain. Discretely 
articulating and designing a series of systems36 is contrary to strategies such as 
fibrous assemblages that negotiate between different architectural roles such as 
enclosure, structure and ornament within the one body of geometry – strands. 
The structural excess of a fibrous assemblage operates ornamentally, while the 
ornamental excess may operate structurally. This redundancy is also inherently 
robust, as it can deal with change that the optimisation of specific conditions 
cannot. The integration of multiple roles into a single malleable geometry creates 
efficiencies, such as the integration of skin and structure in a semi-monocoque. 
This is not, however, an argument for the efficiency or optimal capacity of 
Behavioral Formation37; instead, it is the qualitative characteristics of these 
redundant conditions that are of interest. There is an ambiguity in the geometry of 
the Fibrous Tower 2 and the Fibrous House38: the redundancy of the fibres blurs 
the distinction of structure, skin and ornament, and is, instead, expressive of their 
volatile processes of formation.
The experiments and projects that form the basis of this research have not been 
developed to illustrate a thesis. This thesis has, in fact, emerged from a reflection 
on the experiments, and the feedback of this reflection in designing new projects. 
During this process, new problems are constantly created, so it is not a linear 
process of explication. The most significant of these is global ignorance, which 
arises from privileging the local interactions of agents to the exclusion of global 
conditions – a necessary condition for creating complex systems. However, it 
is problematic for this algorithmic approach to react to architectural concerns 
that rely on a global-scale comprehension of the architectural project, such as 
enclosure or structure. The invention of this problem of global ignorance has 
become a catalyst to develop new strategies to deal with these fundamental 
architectural concerns of enclosure and structure. Finding solutions to these 
invented problems becomes a source of new experimental potential. For example, 
the strategy of manifold swarms was developed to deal with the inability of agents 
to know their topological relationships, while the agency of structure is a response 
to the need for global structural analysis. 
36.  This layering of systems is a typical 
characteristic of Modernism; however, it reached 
its apex in British high-tech, with architects such 
as Norman Foster, Richard Rogers and Nicholas 
Grimshaw.
37.  Although it is worth noting that structures 
in nature that evolve through self-organising 
processes, such as the formation of bone, are 
highly optimal.
38.  Key Projects, 4.2 and 4.3.
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The work developed through this thesis of Behavioral Formation is not an attempt 
to represent the complex nature of formation in the world. Rather, it attempts to 
instrumentalise this understanding as a generative process. This is a concern for 
an emerging generation of international architects39. However, it is not enough to 
use complexity as a generative tool that is then applied to the body of modernity 
– a trait common among others of this generation. The design approach posited 
in this thesis works through the feedback of non-linear computational processes 
and subjective design decisions in creating an architecture that expresses the 
complexity of its formation, and is defined by the strange characteristics that 
emerge from these processes.
39.  This generation includes contemporaries 
such as Alisa Andrasek, Marc Fornes, Achim 
Menges and Neri Oxman. However, the criticism 
in the sentence that follows (above) regarding 
the application to the body of modernity is 
directed at many of those who are imitating and 
misappropriating the techniques and strategies of 
these leading figures.
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The design research and concepts posited in this thesis are positioned within 
a wider intellectual and cultural milieu of indeterminacy and the unravelling 
of certainty – a shift that has accelerated over the past four decades. The 
emergence of complexity theory and its relationship to process philosophy have 
been critical in establishing new theories of matter and the conceptualisation of 
formation as an emergent process. 
The relationship between this intellectual milieu and the emergence of digital 
architecture in the 1990s established the context from which this design 
research began to develop. In particular, this essay describes the relationship 
between the Deleuzian abstract machine, emergence, the shift from object to 
field, and the development of digital animate design processes. The conceptual 
and methodological approaches to design that are described in this thesis 
emerged from this context and, more specifically, draw from the logic of ‘swarm 
intelligence’ and the operation of multi-agent systems. Swarm intelligence is a 
phenomenon and computational method that has developed as a branch of 
complexity theory. Swarm intelligence describes the local interaction of agents 
that leads to the emergence of complex order and collective behavior at the 
global scale1. This conceptualisation of emergent processes of formation provides 
a theoretical and algorithmic basis for Behavioral Formation.
Without attempting to outline the history of complexity and emergence within 
contemporary science or metaphysics, this essay draws out a few threads that 
1.  Global-scale is typically used in this thesis to 
describe the macro-level of a system.
1.1 THE UNRAVELING OF CERTAINTY
EMERGENCE, COMPLEXITY AND PROCESSES OF FORMATION
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demonstrate a historical basis for this contemporary condition. The development 
of an intellectual basis for complexity can be traced through concepts as varied 
as Adam Smith’s ‘invisible hand’2, Kurt Godel’s Incompleteness Theorem, 
Alan Turing’s ‘halting problem’3, Norbert Weiner’s self-regulating feedback in 
cybernetics4, and Ilya Prigogine’s work on non-equilibrium thermodynamics5. 
These concepts played an important role in establishing a non-linear basis for 
chaos theory and the study of complex systems. However, it is Henri Poincaré’s 
work on ‘the three body problem’6 and its destabilisation of mechanics that is the 
most useful point of departure. Prior to quantum mechanics’ erosion of Newtonian 
mechanics7 at the beginning of the twentieth century, Poincaré’s work on the 
three body problem in 1887 demonstrated indeterminate behavior arising from the 
non-linear interaction of three bodies. The non-linearity of the three body problem 
and the non-periodic orbits that it creates led Poincaré to posit the concept 
of sensitivity to initial conditions – the basis of chaos theory. The three body 
problem demonstrates the relevance of simulation as opposed to linear algebraic 
equations, and could be described in terms of the simplest multi-agent algorithm: 
three bodies that mutually interact based on their proximity and mass. 
The degree of iterative feedback involved in complex systems renders 
computation an important tool in the study and creation of complexity. It was 
with the widespread access to digital computing that the iterative nature of 
chaos and its implications came into focus. Edward Lorenz’s discovery of the 
sensitive dependency on initial conditions within weather systems was through 
the recognition of seemingly inconsistent results in digital simulations rather than 
through a theoretical hypothesis.8 Lorenz coined the term ‘butterfly effect’ in 
describing this chaotic behavior: the notion that a minuscule local change in a 
complex system, such as the weather, could lead to catastrophic changes within 
other parts of the system.
 
Melanie Mitchell describes the nineteenth century as ‘a time of belief in the infinite 
possibility in mathematics and science. Hilbert and others believed they were on 
the verge of realising Leibniz’s dream of discovering an automatic way to prove 
or disprove any statement, thus showing that there is nothing mathematics 
could not conquer. Similarly, Laplace and others believed that, using Newton’s 
laws, scientists could, in principle, predict everything in the universe’9. David 
2.  Smith’s concept of the ‘invisible hand’ describes 
the self-regulating nature of the market place; see 
Johnson 2001, p. 18.
3.  The contribution of Godel’s Incompleteness 
Theorem and Turing’s ‘halting problem’ to the 
formation of theories of complexity are discussed by 
Melanie Mitchell (Mitchell 2009, pp. 57–68).
4.  Cybernetics is the study of regulatory systems.
5.  Prigogine made important contributions to 
thermodynamics and self-organisation, and was 
awarded the Nobel Prize in Chemistry (1977).
6.  ‘The three body problem’ describes the mutual 
interaction of three bodies with mass: see Mitchell 
2009, pp. 21–22.
7.  As established by Newton with the publication 
of Philosophiæ Naturalis Principia Mathematica in 
1687.
8.  Lorenz substituted outputs of a digital 
simulation using values with 6 decimal place 
numbers with those rounded to 3 decimal places. 
The approximated numbers, although having 
only minuscule differences, created radically 
different results over time in the simulation, and 
demonstrated sensitivity to initial conditions.
9.  Mitchell 2009, p. 68.
fig 1.1.1 Lorenz Attractor
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Hilbert’s assertion that mathematics is complete, consistent and all statements 
are decidable began to unravel in the 1930s with Kurt Gödel’s Incompleteness 
Theorem demonstrating that mathematics could not be both complete and 
consistent, and with Alan Turing’s proof of the uncomputability of the halting 
problem, demonstrating that there can be undecidable problems. Both proofs 
were developed through recursive logic, with a statement operating upon itself. 
Mitchell goes on to point out that:
the discoveries in mathematics and physics of the early to middle twentieth century showed 
that such infinite possibility did not in fact exist. Just as quantum mechanics and chaos 
together quashed the hope of perfect prediction, Gödel’s and Turing’s results quashed the 
hope of the unlimited power of mathematics and computing.10 
However, perhaps Turing’s most important contribution to the contemporary 
understanding of complexity is with his 1952 paper on morphogenesis11, in which 
he articulates a mathematical model for the self-assembly of complex organisms 
without a master plan. 
There is no widely agreed definition of complexity or complex systems in the 
sciences, and the history of its development can be traced through numerous 
disciplines in parallel. However, in its most general definition, a complex 
system can be considered to be one in which the whole is greater than the 
sum of its parts. Self-organisation – a process in which order spontaneously 
emerges from the interaction of a system’s parts – is critical to the formation 
of complex systems. Ilya Prigogine’s work on self-organisation, or ‘order from 
chaos’, in dynamical systems led to a Nobel Prize in 1977. However, notions 
of self-organisation can be traced back to René Descartes, or Adam Smith’s 
invisible hand, while it was Ross Ashby who introduced self-organisation into 
contemporary science through cybernetics. It is the generative capacity of self-
organisation, the process of formation of complex order, which is significant to 
architectural design.
Warren Weaver’s distinction between disorganised complexity and organised 
complexity, in his 1948 article ‘Science and Complexity’12, has been influential in 
shaping the discourse of complexity. Disorganised complexity is closer to that 
10.  Mitchell 2009, p. 68.
11.  Turing 1952.
12.  Weaver in American Scientist, 1948.
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of a state of complication bordering on noise, and can be described by linear 
equations. Organised complexity emerges from the correlated interaction of the 
system’s parts: it is inherently non-linear.
The generation of emergent order is a process of non-linear interactions that 
self-organise within complex systems. Pia Ednie-Brown describes emergent 
phenomena as ‘properties that seem to exist at a different level to the interactions 
that generate them’13. Manuel DeLanda states that: ‘The origin of the modern 
concept of emergence can be traced to the middle of the nineteenth century 
when realist philosophers first began pondering the deep dissimilarities between 
causality in the fields of physics and chemistry’14, and he argues that, after a 
decline of philosophical interest in emergence, computation has played a critical 
role in its return: 
Simulations are partly responsible for the restoration of the legitimacy of the concept 
of emergence because they can stage interactions between virtual entities from which 
properties, tendencies, and capacities actually emerge.15 
Emergence is a similar, but non-equivalent, concept to self-organisation. Self-
organisation is used to describe the increase of order within a system, while 
emergence is a qualitative capacity of complex systems. In his 2001 book, 
Emergence, Steven Johnson states that ‘The movement from low-level rules 
to higher level sophistication is what we call emergence’16. Johnson goes 
on to argue that systems of interacting parts ‘wouldn’t truly be considered 
emergent until those local interactions resulted in some kind of discernable 
macrobehavior’17. The issue of what is considered discernible brings subjectivity, 
or at the very least qualitative evaluation, to the fore, and is important to the nature 
of authorship in generative design. John Holland, who is largely responsible for 
establishing the field of complex adaptive systems, describes emergence in terms 
of non-linearity, ‘Emergence is above all a product of coupled, context-dependent 
interactions. Technically these interactions, and the resulting system, are non-
linear: The behavior of the overall system cannot be obtained by summing the 
behaviors of its constituent parts’.18 In his 1998 book, Emergence: From Order 
to Chaos, Holland discusses the capacity of emergent phenomena to surprise 
and create the new, stating that ‘perpetual novelty is still typical’ in complex 
13.  Ednie-Brown 2007, p. 59.
14.  DeLanda 2011, p. 1.
15.  DeLanda 2011, p.6.
16.  Johnson 2001, p. 18.
17.  Johnson 2001, p. 19.
18.  Holland 1999, pp. 121–122.
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systems. Ednie-Brown relates this capacity to design, arguing that ‘emergence 
intrinsically concerns processuality and how things are created or generated and 
has significant relevance to problems of creative process’19. This capacity has 
been important in the adoption of emergence by architecture in response to Post-
modern historicism.
The increasing understanding of the role and formation of complex systems over 
the last few decades has destabilised many fields of academic inquiry, including 
architecture. The adoption of concepts of complexity within architecture has 
taken various forms: Jane Jacobs critiqued Modernist planning principles and 
advocated a bottom-up approach in The Death and Life of Great American 
Cities20. Jacobs’s position was based on the understanding of the city as a 
‘complex problem’, citing Warren Weaver’s ideas on organised complexity. 
Venturi’s critique of modernity in Complexity and Contradiction21 and Wigley’s 
articulation of an architecture of deconstruction22 were based on an understanding 
of complexity as a conflict of parts, rather than the definition given here of a self-
organised cohesive system. 
In defining his own position on complexity in the mid 1990s, Greg Lynn points 
out that ‘Venturi’s complex wholes are exemplary of complication and its requisite 
contradiction masquerading as complexity’23; Jeff Kipnis describes this as a 
process ‘in which a collage of multiplicity is then unified compositionally’24. 
Lynn, however, did not advocate simply replacing top-down complication with 
bottom-up emergence, stating that ‘The most difficult task for the moment is 
the development of a discourse of complexity that avoids an appeal to conflict 
and contradiction without drifting into the reactionary discourses of wholism 
and emergence’25. Instead, Lynn argues for ‘the development of theories of 
multiplicitous organization that are neither one nor many’26, effectively a call for 
an assemblage rather than a whole, one that maintains non-contradictory internal 
differentiation: a smooth mixture. In Folding in Architecture27, Lynn argues for an 
architecture that is supple, folded and pliant, and based on a topological capacity 
to respond to many external influences, stating that ‘Pliancy implies first an 
internal flexibility and second a dependence on external forces for self-definition’28. 
19.  Ednie-Brown 2007, p. 60.
20.  Jacobs 1961.
21.  Venturi 1977.
22.  In 1988, Mark Wigley and Philip Johnson 
curated the Deconstructivist Architecture exhibition 
at MoMA. Wigley published The Architecture of 
Deconstruction: Derrida's Haunt in 1995 (Wigley 
1995).
23.  Lynn 1998, p. 157. 
24.  Hensel 2009, p. 102. (Jeff Kipnis’s article 
‘Toward a New Architecture’ was first published in 
Folding in Architecture, Lynn 1993).
25.  Lynn 1998, p. 158. 
26.  Lynn 1998, p. 161. 
27.  Lynn 1993.
28.  Lynn 1998, p. 111. (Lynn’s essay ‘The Folded, 
the Pliant and the Supple’ was first published in 
Folding in Architecture, Lynn 1993.)
fig 1.1.2 AD: Folding in Architecture, edited Greg 
Lynn
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Folding in Architecture, along with Lynn’s other writings of the time, draws 
heavily on the work of Gilles Deleuze and Félix Guattari; the title and Lynn’s 
concern for the pliant are direct references to Deleuze’s Le Pli (The Fold)29. The 
publication includes Eisenman’s Rebstock project (1990)30, which claims an 
instrumentalisation of the Deleuzian fold31 and marks an important shift in his 
work away from the linguistic concerns of Derrida and deconstruction. This shift 
mirrors, or is perhaps a precursor to, a wider avant-garde move from a theoretical 
underpinning based on linguistics to an ontology of becoming, and is indicative of 
a growing interest within architecture in Deleuze and Guattari in the 1990s32. The 
publication was seminal in laying a theoretical platform for the digital experiments 
of the 1990s, particularly those emanating from Columbia University. It is Lynn 
who is largely responsible for theorising a synthesis of the Deleuzian ontology of 
becoming and emerging animate digital techniques in architecture33. 
Architecture has a tendency to selectively appropriate concepts from philosophy. 
Douglas Spencer argues this appropriation ‘has tended to read the philosophy of 
Deleuze and Guattari with a marked bias towards its Bergsonian and Spinozian 
(rather than Marxian) registers’34. In particular, the Deleuzian concepts of the 
‘rhizome’, ‘abstract machine’, ‘the smooth and the striated’ and ‘divergent 
actualization’, along with ‘the fold’, were appropriated primarily because of their 
processual capacities. (The following brief discussion of these appropriations can 
hardly do them justice, but is intended merely as a useful way of setting them in 
context with regard to the emerging digital turn in architecture.) While the concept 
of the fold was appropriated and adapted by architecture as a way to theorise 
supple, pliant geometry, the abstract machine was adopted as the basis for a new 
diagrammatic approach to generative design processes. The rhizome was drawn 
upon to undermine hierarchies of process and tectonics, and the smooth and 
the striated provided the basis for a topological approach. Divergent actualization 
encouraged an iterative computational approach, and its adoption was a 
precursor to the rise of algorithmic architecture a decade later.35 
The diagrammatic understanding of Deleuze’s abstract machine was brought 
into architectural focus with the publication of ANY 23, Diagram Work: Data 
Mechanics for a Topological Age, guest edited by Ben van Berkel and Caroline 
Bos in 199836. Within the various essays of ANY 23, the conceptualisation of 
29.  Le Pli – Leibniz et le Baroque, 1988. Trans. The 
Fold: Leibniz and the Baroque, Deleuze 1993.
30.  Lynn was a project assistant on this project 
while working for Eisenman.
31.  The relationship between Rebstock and the fold 
is further developed by John Rajchman in his 1998 
publication Constructions, pp. 11–36.
32.  Hélène Frichot traces this interest back to the 
’80s, stating: ‘The work of the French philosopher, 
Gilles Deleuze, was fervently consumed and 
endlessly cited in architectural discourse from the 
1980’s through to the 1990s’. (Frichot 2014). 
33.  While architects were adopting and adapting 
the work of Deleuze before Lynn (most notably 
Bernard Cache), it is the synthesis explored by 
Lynn of Deleuze’s concepts with digital/topological 
design that is a critical influence on this thesis.
34.  Spencer 2011, p9
35.  While digital, algorithmically generated 
architecture can be traced back at least as far as 
John Frazer’s work in the 1960s, it is only during the 
last decade that the use of algorithmic processes in 
architecture has become widespread.
36.  van Berkel and Bos (eds), 1998.
fig 1.1.3 ANY23, edit Ben van Berkel + Caroline Bos
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diagrams varied from that of generative process to organisational logic – all, 
however, with the intention of situating the diagram as operational rather than 
representational. The abstract machine describes a generative process, which is 
not formal but creates form through its interaction with matter. Manuel DeLanda’s 
article in ANY 23, ‘Deleuze, Diagrams and the Genesis of Form’, more specifically 
situated Deleuze’s work in reference to far-from-equilibrium thermodynamics as a 
basis for a theory of matter.
This description of the abstract machine as a process of formation played an 
important role in establishing a theoretical basis and point of departure for the 
generative design processes discussed in this thesis. Within Kokkugia’s work, 
the operation of the abstract machine has been interpreted as an algorithm, a 
point of difference from the interpretation as organisational diagram posited by 
van Berkel. This distinction between abstract machine as algorithm or diagram 
begins to dissolve on closer inspection, as the operation of an algorithm can 
be diagrammed, and the procedural understanding of the diagram could be 
described algorithmically. So, while the semantic differences are dubious, the 
practical application and their ramifications produce divergent results. The 
automation of algorithmic processes through contemporary computing enables 
a level of iteration, recursion and feedback inconceivable with diagrammatic 
approaches to the abstract machine.37 
Feedback and high levels of iteration are important in creating complex systems, 
self-organisation and emergent phenomena. This is the primary distinction 
between the first generation of digital architecture (which can be said to have 
arisen from Greg Lynn’s animate form project38) and a younger generation39 of 
which Kokkugia is a part. This distinction is defined by a shift from using dynamic 
systems in the design process to designing self-organising algorithmic processes 
of design. This distinction is important for both the characteristics of what is 
designed and the method of extracting form from a dynamic process. An early 
critique levelled at Lynn’s animate design processes relates to how they stop, or 
how to distinguish value in the many iterations.40 However, the extraction of static 
form from dynamic systems is fundamentally different from the processes of self-
organisation in complex systems. Self-organisational models lead to emergent 
phenomena, and tend toward more organised states. In these processes, form 
37.  The diagrammatic process described here 
assumes the use of digital modelling.
38.  The distinction is not directed toward Lynn, 
whose work has developed through numerous 
trajectories since the mid 1990s, but instead to the 
practice of designing through dynamics software 
that evolved out of Lynn’s experiments in the mid 
1990s.
39.  This generation, which is interested in the shift 
from morphodynamic topological processes to 
morphogenetic emergent processes, is referred to 
in 1.4, Affects, Objects and ArchiLab.
40.  This stopping problem is discussed in the 
Introduction. However, I would argue that this is not 
a ‘problem’, as intuition has always been critical 
in design decisions, regardless of their systemic 
consistency. The analogy of cinematography is 
useful here. Film compresses three dimensions of 
space and one dimension of time down to three 
dimensions. Film is not criticised for its loss of a 
spatial dimension – it is the art of cinematography, 
and what differentiates the cinematic arts from 
reality.
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is not frozen or mapped from a dynamic process; instead it emerges from the 
system. Conceptually, dynamic and self-organising processes are very different, 
as are the characteristics of form they create. Lynn was interested in reintroducing 
time and registering force, stating that ‘animate design is defined by the co-
presence of motion and force at the moment of formal conception’41, whereas 
self-organising processes lead to emergent characteristics, or an aesthetic of 
emergence. These characteristics are defined by complex order and intricate 
assemblages of micro-scale parts; aesthetically, these are closer to fur or the 
bundling of fibres than the smooth, pliant surfaces of animate design.42 
Another critical difference between Behavioral Formation and animate form is the 
negotiation of internal behaviors – the interaction of a series of design intentions 
encoded within the agents – as opposed to the negotiation of external forces.43 
The internal self-organising capacity of behavioral processes of formation is 
inherently morphogenetic, in opposition to the morphodynamic process of 
animate form.44 In processes of self-organisation, architectural geometry is active 
rather than either a passive receptor of form or an index of forces. This draws on 
DeLanda’s extension of Deleuze’s single matter-energy concept:
Thanks in part to the new theories of self-organization that have revealed the potential 
complexity of behaviour of even the humbler forms of matter-energy, we are begining 
to recover a certain philosophical respect for the inherent morphogenetic potential of all 
materials…to think about the origin of form and structure, not as something imposed from 
the outside on an inert matter, not as a hierarchical command…but as something that may 
come from within the materials.45 
This is an important understanding for generative design, the idea that the matter 
of architecture – algorithmically encoded geometry – plays a role in its formation 
as opposed to the imposition of external form. In Behavioral Formation, a further 
distinction is made between material behavior and the behaviors of architectural 
geometry.46
In the seminal essay ‘From Object to Field’, published in Architecture After 
Geometry47, Stan Allen posits ‘field conditions’ as bottom-up phenomena that 
are relational rather than figural. Allen postulates that field conditions refer ‘to 
41.  Lynn 1999, p. 11.
42.  The emergent characteristics of Behavioral 
Formation are discussed further in the Introduction 
and Conclusion; however, these characteristics are 
most evident within the projects themselves.
43.  Although multi-agent algorithms generate 
complex order without external influence, many 
of the multi-agent algorithms developed in the 
Kokkugia projects also respond to input from 
outside the agent system.
44.  Karl Chu clearly articulates the difference 
between morphogenetic and morphodyamic design 
strategies, which is discussed in the Introduction.
45.  DeLanda, 1995.
46.  This distinction is discussed in greater detail in 
1.2, Behavioral Methodologies.
47.  Bates 1997.
fig 1.1.4 Animate Form, Greg Lynn
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mathematical field theory, to non-linear dynamics and computer simulations of 
evolutionary change. It parallels a shift in recent technologies from analogue 
object to digital field’. Allen conceptualises field conditions as loosely bound 
aggregates, where shape is less important than the internal relationships that 
govern the behavior of the field. In introducing a reprint of Allen’s text, Michael 
Hensel et al.48 make explicit the link with the smooth and the striated, claiming 
that Allen’s field conditions ‘can be understood as a translation of Deleuze and 
Guattari’s presentation of “smooth space” into the realm of design’. In discussing 
the work of Barry Le Va, Allen describes the local interaction of a bottom-up 
process of formation as ‘the displacement of control to a series of intricate local 
rules for combination, or as a “sequence of events”, and not as an overall formal 
configuration’. The shift from object to field that was occurring in contemporary 
architecture, and which Allen articulates and theorises, was an important influence 
on the genesis of the design research posited in this thesis. In particular, the 
reference Allen makes in the essay to Craig Reynolds became the catalyst for 
the multi-agent algorithmic design research of Behavioral Formation. Allen cites 
the discussion of Reynolds’s boids algorithm49, an early example of a multi-agent 
system demonstrating emergent phenomena, in Mitchell Waldrop’s 1993 book, 
Complexity: The Emerging Science at the Edge of Order and Chaos50. 
Computational multi-agent systems were first developed by John von Neumann 
in the form of cellular automata in the 1940s51, and further developed in John 
Conway’s Game of Life in the 1970s52. These self-organising systems influenced 
the work of John Frazer, Paul Coates and Karl Chu, who played a pivotal role 
in the introduction of cellular automata, Lindenmeyer systems and evolutionary 
algorithms to computational architecture. Coates’s later design research included 
the application of multi-agent swarm algorithms to architecture. However it is the 
work of Craig Reynolds that holds most significance for Behavioral Formation. 
Reynolds made a significant contribution to the computational understanding 
of swarm systems in developing behavioral models of simulation in the mid-
1980s53. Reynolds’s boids algorithm simulates the flocking or schooling behavior 
of birds and fish. The agents, or ‘boids’, respond to their neighbouring agents 
based on three basic behaviors: alignment (to match the speed and direction 
of the neighbours), cohesion (to steer toward the centroid of the neighbours), 
and separation (to avoid collision with the neighbours). This algorithm is a vivid 
demonstration of the bottom-up nature of swarms and the lack of any centralised 
48.  Hensel et al., 2009, p. 119.
49.  To my knowledge, the first time a discussion of 
Reynolds’s work had been published in reference 
to architecture was in Stan Allen’s essay, ‘From 
Object to Field’ (Bates 1997, pp. 24–31). While this 
reference was a catalyst for my development of an 
architectural design process applying multi-agent 
algorithms in 2002, I later became aware of Paul 
Coates work with multi-agent swarm algorithms, 
which dates to 1999 (Coates 1999, 2000).
50.  Waldrop 1993.
51.  Waldrop 1993, p217-220
52.  Waldrop 1993, p219-220
53.  Reynolds 1987. 
fig 1.1.5 AD: Architecture After Geometry, Donald 
Bates + Peter Davidson
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or global control. In discussing Reynolds’s work, Philip Ball states that within 
flocks and swarms ‘the coherent group behavior emerges from simple, purely 
local interactions between individuals, who have no sense of what the whole 
group is doing’54.
The emergent phenomena of flocks of birds and schools of fish are examples of 
complex systems that are explained through the theory of swarm intelligence. 
Swarm intelligence describes the decentralised, local interaction of autonomous 
agents that self-organise in generating emergent collective behavior. The term 
‘swarm intelligence’ was originally used to describe cellular robotics, but is now 
more broadly associated with the collective behavior that emerges from biological, 
social and computational processes. The complex order that is created by 
the logic of swarm intelligence is vividly expressed in natural systems such as 
the schooling of fish, flocking of birds, behavior of social insects and the self-
organisation of slime mould.
From this web of ontological and processual concepts, swarm intelligence 
became the critical point of departure for the design research that evolved into 
this thesis. It is the ability to rethink architectural design – as the interaction of 
local design intentions that generate an emergent architecture at the macro-scale 
– which has been the defining processual logic of Behavioral Formation.
54.  Ball 2009, p. 126.
fig 1.1.7 boids algorithm, behavior diagram
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A REFLECTIVE POSTSCRIPT
After writing this opening essay of my thesis, I revisited the research report 
(Pre-Major) that I submitted in June 2002 at RMIT University as the basis of my 
undergraduate thesis (Major Project). To a large extent, the historical context that 
I have described here had already been partially assembled and articulated in that 
research report as a theoretical basis for my initial architectural experiments with 
agent-based models. 
In addition to the context outlined here, the influence of my instructors and 
mentors at RMIT from 2001 to 2003 was instrumental in forming this initial 
trajectory, which I have since developed over the last twelve years into the broader 
architectural conception of Behavioral Formation. I was introduced to the work of 
Lynn, van Berkel, Oosterhuis and Spuybroek at the Morph 97 conference (Deakin 
University 1997); however, it was Pia Ednie-Brown who introduced me to the 
writings of Deleuze, Guattari, DeLanda and Brian Massumi and to many of the 
concepts described here in The Unravelling of Certainty. Paul Minifie catalysed 
my interest in generative design processes and taught me algorithmic techniques. 
Tom Kovac encouraged my interest in complex geometries and a topological 
approach, while Mark Burry introduced me to the rigorous logic of parametric 
design and modelling.
The development of my design research over the last twelve years has been less 
about finding a new direction or logic for my research (as it is now apparent to 
me that this hasn’t fundamentally changed since 2002) than about experimenting 
through design projects and exploring the architectural implications of this design 
approach. Through the process of this PhD, I have been able to reflect on these 
projects, and extract and clarify recurring strategies and concepts to form a 
coherent conceptualisation of Behavioral Formation. 
fig 1.1.8 Emergent Field, render montage
fig 1.1.9 Emergent Field, agent-generated plaza 
diagram
fig 1.1.10 Emergent Field, plaza render
30
31
Central to Behavioral Formation is a generative design methodology that draws 
on ‘swarm intelligence’ and operates through multi-agent algorithms.1 This 
strategy functions by encoding simple architectural intents or decisions within 
a distributed system of autonomous computational agents. The interaction 
of these local decisions generates a complex self-organised design intention, 
giving rise to a form of collective intelligence and emergent behavior at a global 
scale. This represents a shift from the explicit design of form and organisation to 
the orchestration of intensive processes of formation through the design of the 
underlying behaviors of matter and geometry.
The appropriation of swarm algorithms to architecture is not an attempt to 
introduce biology as a metaphor, or to make architecture swarm-like.2 It is not 
the particular biological rules or behaviors underlying these algorithms that are 
appropriated; instead, it is their algorithmic structure and the logic of negotiation 
and self-organisation. This logic describes how entities or agents navigate space 
and interact, leading to self-organised collective behavior. Rather than interaction 
based on the behaviors of flocking or crowding, Behavioral Formation involves 
designing architectural behaviors as the basis for an architectural design process. 
The architect’s design intention is recast as a set of procedures or behaviors 
that interact within non-linear processes, leading to a self-organisation of design 
intent. Importantly, this encoding of architectural intent within the algorithm is 
fundamentally different from many contemporary algorithmic processes developed 
by architects, where known algorithms are applied to generate forms and 
1.  Swarm intelligence, and its relationship to 
multi-agent algorithms, is introduced in 1.1, The 
Unravelling of Certainty.
2.  The relationship of this work to biology is 
discussed in greater detail in the Introduction and 
Conclusion. 
1.2 BEHAVIORAL METHODOLOGIES
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patterns, which are then interpreted into architecture. The application of known 
algorithms creates abstract templates for architecture, rather than architecture 
that emerges from an algorithmic process driven by architectural decisions.3
The architectural nature of these behaviors can vary significantly, from pragmatic 
rules regarding issues of structure or programmatic adjacencies to more abstract 
behaviors that are manipulated to create specific architectural effects. For 
instance, a pragmatic structural example could involve structural members that 
bundle with their neighbours and connect to generate a self-organised network. 
An example of a more abstract behavior could be the generation of form and 
ornament by agents drawing lines within space which respond to the curvature 
and direction of the surrounding lines, creating turbulent and laminar flows.4
Design intention, in the case of the structural example, might reside solely at 
the micro-level as bundling behaviors designed to create specific, local tectonic 
conditions. Alternatively, intention in the creation of turbulent flow might have 
less to do with the specific micro-level condition than with the emergence of 
the organisation at the macro-level. Design intent, or authorship, operates both 
at the level of designing the underlying rules or behaviors and when evaluating 
the emergent outcomes of the interaction of these behaviors. The non-linear, or 
complex, operation of these systems opens a volatile space of possibility between 
the parameters of the system and its outcome, which resists causal relationships 
and predictable results – instead provoking a speculative approach. Ultimately, 
it is the iterative feedback between these two sites of authorship that guides 
the design process. The local behaviors are evaluated through their capacity to 
generate successful architectural forms and organisations, with this evaluation 
then being fed back to alter and fine-tune these underlying behaviors. Behavioral 
processes are at their most volatile during their initial iterations. While there are no 
causal links between parameters and their effects, an intuitive understanding of a 
behavioral algorithm develops over the course of the design project, and across 
projects.
It is the multitude of agents and their interactions that lead to emergent behavior. 
If emergence is dependent on the creation of discernible macro-level behavior5 
– if it is a qualitative phenomena – then, for an emergent architecture to have 
3.  This distinction is discussed further in 1.3, 
Volatility.
4.  A precise description of the vector-based 
behaviors of these algorithms is offered in 3.4, The 
Substrate of Agency.
5.  As argued by Steven Johnson (Johnson 2002, 
p. 19), which is referenced in 1.1, The Unravelling of 
Certainty.
fig 1.2.1 structurally bundling strands
fig 1.2.2 multi-agent turbulent formation
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an affective capacity, it must emerge at a scale at which the architecture is 
experienced. Consequently, the agents need to operate at a scale at which the 
perception of the individual agents recedes, allowing the dominant reading to 
be of the emergent order that the agents generate. This suggests that the agent 
needs to operate at a scale significantly smaller than that of an architectural 
element (beam, column or arch) and foregrounds the importance of high-
population models. While the ‘three body problem’6 might demonstrate a minimal 
definition of a multi-agent system capable of complex order, it is in the extreme 
population models of weather that volatility and chaotic behavior are most evident. 
This has been a catalyst for steadily increasing the population of the multi-agent 
algorithms developed over the course of this research, leading to an increased 
intricacy and emergent complexity.
Two fundamental mechanisms through which agency operates in the design 
process can be identified in this research: the agency of architectural matter, and 
the agency that organises or restructures architectural matter. The difference 
between these two approaches can be understood through the analogy of social 
insects. Ants (agents) use their bodies as architectural geometry in the formation 
of ant bridges, where the agent is the architectural matter. This differs from the 
construction of termite mounds, where the termites (agents) move particles 
(matter) to create the mound (architecture).  This termite example is an illustration 
of a stigmergic7 relationship, in which the agent re-forms architectural matter. 
Appropriating these emergent systems for architectural design should not be 
misunderstood as the use of multi-agent systems to simulate human occupation 
or action. Any simulation of human occupation is simply a tool of analysis rather 
than generative design.8 Behavioral methodologies do not attempt to predict the 
behavior of people, but instead to re-conceptualise the architect’s design intent as 
behavioral procedures.
Architectural decision-making, or behavior, is inherently spatial within the design 
process. Consequently, the computational agent in this design research is defined 
through geometry and its connectivity: topology. Multi-agent algorithms typically 
consider the point or vector to be the substrate of the agent. However, this is 
a significant constraint for architectural design, which is typically constructed 
6.  The ‘three body problem’ and Henri Poincaré’s 
discovery of its chaotic behavior are discussed in 
1.1,  The Unravelling of Certainty. 
7.  ‘Stigmergy’, a term coined by Pierre-Paul Grassé 
in 1959 to describe the feedback between an agent 
and its environment, was first used in reference 
to social insects (Camazine 2003, p. 56). This is 
discussed at greater length in 3.6, Stigmergy.
8.  What is being argued for here is in contrast 
to Patrick Schumacher’s recent adoption and 
promotion of crowd modelling as a method of 
evaluating the use of space (Lorenzo-Eiroa, 
Sprecher 2013,  pp. 53–60). Schumacher’s logic 
has evolved from crowd simulations that have 
been used in character animation and egress 
engineering for more than a decade. This logic is 
that of evaluation of design rather than as a design 
generator. 
fig 1.2.3 high population intricate geometry - Babiy 
Yar Memorial
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from higher level geometry such as line, plane and volume. This design research 
explores how agency can be encoded within the malleable geometries of lines 
(strands and splines), networks (meshes, graphs and surfaces) and bodies 
(components). Encoding behavior within these geometries forms the basis for 
several of the design strategies developed in this research. Fibrous assemblages 
explore strands that are encoded with agent behavior through their control points. 
AgentBodies are components or flexible skeletons that are encoded with behavior 
at a sub-component level.9
A primary influence on this research, and the underlying source of the technique 
of multi-agent algorithms, is complexity theory. While many of the strategies 
and their implications posited within this research have been developed from an 
understanding of this theory, others have emerged from the specific operation 
of multi-agent algorithms.10 Primarily, these implications are related to the 
local negotiation that is the central tenet of multi-agent algorithms. Multi-agent 
algorithms typically do not operate on a set of binary (true/false) conditions: they 
negotiate instead between any number of behaviors that influence the state or 
velocity of the agent. For example, in Craig Reynolds’s boids algorithm11, vectors 
are calculated that best enable the agent to align, cohere or separate from its 
neighbours. These three vectors are weighted and summed to negotiate the 
impact of the neighbours on the agent’s velocity. Consequently, they produce 
tendencies rather than binary conditions. This algorithmic approach is inherently 
inclusive; it is flexible enough to absorb a multitude of influences. This design 
approach need not privilege a single generator, and is inherently less indexical 
than many algorithmic approaches. This is because it is not based on a causal 
relationship between parameter and outcome, but on the non-linear iterative 
negotiation of many design intentions.
While the bulk of this research involves the design of intricate formal and 
ornamental organisations, the original impetus for this work came from a concern 
for programmatic self-organisation. This research into behavioral design strategies 
began in early 2002 with experiments and research for the Emergent Field 
project (the author’s undergraduate thesis)12. The project was premised on an 
understanding of Melbourne’s laneway urbanism. The centre of Melbourne has 
an active street life that is prevalent in the laneways rather than in the planned 
9.  The technique of encoding agency within these 
geometries is explained in 3.4, The Substrate of 
Agency.
10.  As multi-agent algorithms have been developed 
within the field of complexity theory, this distinction 
is not obvious. However, the influence of the 
specificity of the algorithm as opposed to the more 
general concerns of complexity are important to 
articulate.
11.  Reynolds’s boids algorithm is discussed in 
greater depth in 1.1, The Unravelling of Certainty.
12.  My Major Project (undergraduate thesis) 
was submitted at RMIT in June 2003, and was 
supervised by Paul Minifie.
fig 1.2.4 fibrous assemblage - Fibrous House
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streets of the Hoddle Grid. These laneways were originally intended as service 
alleys, which have more recently been re-appropriated by bars, cafes and shops. 
Understanding this as an emergent condition, the ambition of the project was to 
develop a strategy of emergent urbanism to redesign a desolate Modernist plaza 
in the Melbourne CBD. The initial process self-organised the project’s program, 
where a population of agents were designated to represent small volumes of 
specific program from a brief for a mixed-use development (retail, commercial, 
café, bar, restaurant and plaza). Each small volume of program13 was encoded 
with cohesion and separation behaviors in relation to its own programmatic type 
as well as to each of the other programs14. These agents interacted to create a 
self-organised program. While the project’s initial premise was programmatic, 
many aspects of this current design research – such as embedding agency within 
lines and surfaces, and the generation of emergent form and ornament from 
multi-agent algorithms – have their origin in this project.
As both program and form can be encoded with behavior, these concerns 
(which are often cast in binary opposition) are able to simultaneously interact. 
Consequently, binary conditions such as ‘form follows function’ can be recast as 
a mutual negotiation instead of a sequential or hierarchical process of design. This 
approach enables all aspects or architecture to be thought of as having their own 
independent, but mutually negotiating, agency.
This process of mutual negotiation resists individual dogmas regarding the source 
of formation, and is contrary to any form of purity or essentialism15 – whether 
this be the purity of the Modernist mantra of ‘form follows function’; the physical 
form-finding of Gaudi, Otto and their computational acolytes; or the indexical 
templates of the algorithmic expressionists16. Behavioral Formation is a highly 
iterative process of negotiation that avoids collage, creating instead a coherent 
assemblage that maintains difference within a continuous whole. Strange 
feedback, a key strategy explored through this research, is an extension of this 
process of negotiation beyond the systemic to engage intuitive decision-making 
and top-down intentions. It is an iterative process of feedback between manual 
modelling and algorithmic procedures. 
13.  As these programmatic volumes were 
approximately 1m3, an aggregation of these agents 
was necessary to produce an inhabitable space.
14.  These programmatic agents also negotiated 
with the existing urban fabric.
15.  These traits are increasingly evident in 
computational architecture, as witnessed through 
the array of pure compression or tension structures 
designed with the aspiration of a faithful reification 
of engineering constraints. This is discussed in 
further detail in 1.3, Volatility.
16.  ‘Algorithmic expressionists’ are defined as 
those who deploy the algorithm to create expressive 
templates, which remain in their indexical, pure, or 
typical instantiation or mapping. A critique of this is 
further developed in 1.3, Volatility.
fig 1.2.5 Emergent Field, programmatic self-
organisation
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The non-linear operation of behavioral methodologies is capable of, and indeed 
characterised by, chaotic shifts within a continuous system, as opposed to linear 
parametric strategies that create gradient differentiation within a known range. 
The woven composites research, developed for the Aalto University project17, 
demonstrates this non-linear capacity. The agentBodies18 change their behavior 
in kind rather than simply degree, causing a shift from a knitted to a woven 
expression. These expressions are not collaged or composed, but instead are 
expressions of a single system. The mutual interaction and negotiation of the 
bodies maintain a coherent and continuous order despite changes in expression.
The mapping of an algorithm plays an important role in determining the indexicality 
of a process. A cellular automata, mapped in its generic state (a grid of black and 
white squares) always indexes its process regardless of the emergent capacity of 
its rules.19 The instantiation of the algorithm within geometry plays a role that is as 
equally important in the reading of a project as any underlying intentions that are 
encoded into that algorithm. 
A concern critical to this investigation into behavioral design methodologies is how 
intentions or parameters that do not explicitly relate to form become intrinsic to 
the generation of form and its affectual capacities. The local behavior of agents 
are responses to decisions regarding program, structure, materiality, tectonics, 
ornament and fabrication techniques; the interaction of these concerns gives 
rise to form and its affects. Consequently, the affects of an architectural space 
are an emergent outcome of a series of formal and non-formal behaviors in the 
process of formation: a condition akin to Sanford Kwinter’s description of ‘true 
formalism’20. Behavioral methodologies liberate matter from the imposition of 
form, enabling matter to be encoded with architectural intent, and to be thought 
of as an active agent in the process of formation. This defines a clear departure 
from many contemporary design methodologies that engage explicit formal 
manipulation in the service of affect.21 This difference between form that is 
understood in terms of formation, as opposed to object, is perhaps most clearly 
articulated by Kwinter in the article ‘Who’s Afraid of Formalism’, where he states:
Formalism demonstrates first and foremost that form is resonance and expression of 
embedded forces...The form problem, from the time of pre-Socratics to the late twentieth 
17.  See Catalogue of Projects.
18.  AgentBodies is a generative tectonic strategy 
discussed at greater length in 2.5, AgentBodies. 
19.  The exception to this is when the scale of the 
grid is sufficiently small that the grid dissolves 
and only the emergent pattern is evident. This 
observation has encouraged an increase in 
resolution of the generative algorithms in this thesis.
20.  Kwinter 2008, p. 146.
21.  The pursuit of formal complexity through direct 
modelling techniques is epitomised by the work of 
architects such as Hernan Diaz Alonso, Ali Rahim 
and Marjan Colletti. Colletti makes an argument in 
the Exuberance issue of AD for the ‘digital virtuosity’ 
of this generation of architects who foreground 
affect over formation (Colletti 2010). This is 
discussed at greater length in 1.4, Affects, Objects 
and ArchiLab.
fig 1.2.6 Woven Composites study
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century, is in fact an almost unbroken concern with the mechanisms of formation, the 
processes by which discernable patterns come to dissociate themselves from a less finely-
ordered field. Form, when seen from this perspective, is ordering action, a logic deployed, 
while the object is merely the latter’s sectional image, a manifest variation on an always 
somewhat distant theme.22  
The non-linearity of Behavioral Formation is at odds with the sequential or 
hierarchical nature of many processes and relationships within architecture. 
A non-linear process that is in a constant state of mutual negotiation resists 
establishing subservient or hierarchical relationships. A single behavior within 
this process may carry greater significance or relative importance, although it is 
always operating in a mutually effecting feedback; as such, a single behavior does 
not dictate or structure the others. This non-linear, or non-hierarchical, nature of 
Behavioral Formation resists tectonic hierarchies and refocuses tectonic concerns 
on the assemblage at the micro-scale – from which tectonics emerges.
The negotiation between many behaviors resists a linear relationship between 
architectural elements and a singular architectural role. For example, columns 
and beams have a specific architectural role that they signify or index. However, 
a topologically complex form might be generated by behaviors that include the 
resistance of vertical load (as a column does) and enabling horizontal span (as 
a beam does); consequently, these behaviors are not indexical to a specific 
architectural or geometric element. Instead, these design intentions are influences 
that negotiate in the process of forming the topology. 
This uncoupling of the individual identity of an architectural element and its 
relationship to an architectural role can operate at two scales: that of a single 
architectural concern (such as structure), or across concerns (such as program, 
structure and ornament). At a single scale, rather than articulating primary, 
secondary and tertiary structure, a single body of geometry negotiates structure 
at various scales within a continuous whole. This is not to suggest that Behavioral 
Formation involves a complete flattening of hierarchy; instead, hierarchy is an 
emergent property of a decentralised system rather than being predetermined and 
based on sequential scales.
22.  Kwinter 2008, p. 147.
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This compression of tectonic hierarchies in itself is, of course, not novel. Even 
within Modernism (which was dominated by discrete tectonics), compressed 
tectonics were explored. Examples of this can be seen in Felix Candela’s 
dissolution of the individual articulation of shell, beam and column, and in the 
erosion of the hierarchy of form and structure within the form-finding experiments 
of Frei Otto.23 Otto’s work with membrane structures created a negotiation 
between form and structure that can be described as a form of agency. This local 
agency operated through the minimisation of surface tension within the material 
computation of soap-film models. However, a fundamental difference between the 
agency of Behavioral Formation and material computation is the ability to encode 
behavior that is not limited to the physical laws within which material computation 
operates. This shift from physics to behavior opens up new possibilities in form-
finding and resists reductive notions of optimisation.24
Within this design research there is an attempt to create a synthetic relationship 
between scales and a blurring between diverse tectonic elements. The motivation 
for this is to resist the normative frame through which we read architecture, and 
to develop a formal and aesthetic vocabulary for an architecture that emerges 
from complex systems. This ambition is developed through several strategies that 
are discussed in more detail in later sections of this thesis: Polyscalar Tectonics, 
Strange Feedback, and Manifold Swarms / AgentBodies.25 
Polyscalar tectonics repeats the same operation at multiple scales. This strategy 
has been used in the Cliff House26, where strands interact at various scales, 
and in the Yeosu Pavilion27, where the same geometric type (surface-strand) 
is deployed at multiple scales and operates in multiple roles. Within strange 
feedback, it is the non-systematic iterative relationship between modelling and 
algorithmic procedures that brings the two into correlation. The competition entry 
for the National Art Museum of China28 is one such example, where a synthetic 
relationship between form and articulation is created. The combined strategies of 
manifold swarms and agentBodies compress the generation of spatial and formal 
topology, structure and tectonics into a single operation. This strategy encodes 
agency at the location of the agentBody as well as agency at a sub-agent level, 
such as the body’s tentacles. This causes a significant flattening of hierarchy 
both in process and tectonics. The Flinders Street Station competition29 and the 
23.  Examples of this dissolution in Candela’s 
work include La Iglesia de la Milagrosa (Mexico 
City, 1955) and Caseta de Ventas (Valle Verde, 
Guadalajara, Mexico, 1960), while Otto’s work 
includes the Munich Olympic Stadium (1972) and 
Stuttgart Railway Station (unbuilt).
24.  A critique of form-finding and optimisation is 
elaborated on in 1.3, Volatility. 
25.  Strategies, 2.2, 2.3, 2.6 and 2.5 respectively.
26.  Key Projects, 4.4.
27.  Key Projects, 4.6.
28.  Key Projects, 4.7.
29.  Key Projects, 4.12.
fig 1.2.7 Kazakhstan Symbol, detail
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Composite Swarm installation30 both exploit this strategy in creating an irreducible 
relationship between form, structure and articulation.
The correlation of parts and the flattening of hierarchy contribute to, and are 
emphasised by, a monolithic material and tectonic approach. In many of the 
projects, such as the Fibrous House31, Yeosu Pavilion, and Kazakhstan Symbol32, 
the use of a single material, geometry or colour creates a unified characteristic. 
This does not lead to homogeneity, but rather a field from which differences 
emerge. It is a conscious formal and aesthetic attempt to move away from 
the Modernist approach of articulating elements discretely, by emphasising, 
instead, the role of a single body of geometry that negotiates between different 
necessities. This strategy is, in part, a response to the emergence of a new 
construction paradigm of variability – driven by 3D printing and robotic fabrication 
– that challenges the mass standardisation of parts in favour of monolithic and 
composite construction. The projects with heterogeneous coloration change color 
with intensities rather than indexing tectonic roles or types (such as the tendency 
of the Yeosu Pavilion to brighten toward the tips of strands). The correlation 
and synthesis of parts operate at either a single scale (such as the laminar and 
turbulent flows of the National Art Museum of China that create a non-hierarchical 
reading), or generate hierarchies across scales (such as the polyscalar approach 
of the Fibrous House).
The aforementioned strategies synthesise, flatten or blur geometric and scalar 
distinctions; nevertheless, it is crucial to differentiate various design intents without 
recourse to sequential design operations or decisions. The multi-agent algorithms 
in this methodology have two modes of non-hierarchical operation: as an ‘ecology 
of swarms’ or as a ‘contextually differentiating swarm’. With the ecologies 
approach, each aspect of architecture (whether it is, for example, tectonic, 
structural or programmatic) is treated as a separate population of agents. These 
different aspects of architecture are conceptualised as separate species of agents 
that interact in a mutual feedback loop. This enables each system to self-organise 
with respect to its own species while also responding to other species. The 
contextually differentiating approach involves a homogenous population of agents 
that locally differentiate based on their context. This methodology can be thought 
of as a form of speciation where an individual agent’s behavior changes locally. 
30.  Key Projects, 4.13.
31.  Key Projects, 4.3.
32.  Key Projects, 4.8.
fig 1.2.8 Yeosu Pavilion, detail
fig 1.2.9 ecologies and contextually differentiating 
swarm diagram
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For example, agents might shift their behavior between structural or ornamental 
behaviors based on whether they are under structural load. 
Behavioral processes of formation reconceptualise the relationship between 
architectural design intention and the algorithm, recasting intention as behaviors 
embedded within self-organising multi-agent systems. A primary concern of 
this research is to develop design methodologies that engage with emergent 
phenomena and explore the architectural processes implicit within swarm 
intelligence. Ultimately, however, it is the emergence of architecture with complex 
order, and rich with intricate detail, that is of greater interest than its process of 
becoming. 
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fig 1.2.10 project/strategy timeline
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Multi-agent algorithms form the technical basis for the design research in 
this thesis. These algorithms describe how an agent responds to the state or 
actions of its neighbouring agents by changing its own state or actions. Multi-
agent algorithms are premised on the mutual interaction of agents to create the 
feedback necessary for emergent behavior. 
Located in Cartesian space, these agents navigate through relatively simple vector 
calculations. The simplest version of the agent is defined by a point in space that 
has a series of parameters, including its velocity and range of vision. This basic 
agent is then extended in various ways to enable it to be embedded within high-
level structures such as a strand, network or body. However, it is the individual 
point within these structures that is the primary location of active agency. 
The agent’s motion is described by the negotiation of numerous behaviors. 
Most behaviors return a vector that is prioritised and summed by the agent to 
determine its change in state, such as velocity and position. This operation is 
undertaken iteratively, where each agent updates its state at every time-step (or 
frame); typically these simulations will run for thousands of steps. 
Figure 3.1.3 illustrates a simple alignment behavior: through a spatial diagram, 
a vector diagram, the pseudo code (plain English description of the code), and 
the code written in the Java programming language. This alignment behavior is 
attempting to match the speed and direction of an agent to the agents within its 
range of vision (which is described by the circle around the agent). Figure 3.1.1 
indicates how each behavior responds to a population of agents, with the vectors 
returned by those behaviors being summed to determine the future velocity 
and position of the agent. Figure 3.1.2 shows how the point-based agents are 
structured within a strand and a body.
3.1 MULTI-AGENT ALGORITHMS
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AGENT
VECTOR
POPULATION
BEHAVIORS
VECTOR
AGENT
BEHAVIORS
VECTOR
POPULATION
DIAGRAM VECTORS  PSEUDOCODE CODE
loop through a population of  agents
 calculate the distance to the agent
 if the agent is within a range of visionget the agent's velocity
 
  sum the agent's velocity with the other in range agents
divide the sum of the agents velocity by the number of agents within range
get the average velocity of the agents
return the average velocity   
public Vec3D alignment(ArrayList<kNode> neighbours, Float range, Float scale) {
 Vec3D sum = new Vec3D(); 
 float count = 0;
 for (kNode n: neighbours) {
     if(pos.distanceTo(n.pos) <= rangeOfVis*range){
  sum.addSelf(n.vel);
  count++;
      }
 }
 if (count > 0) {
         sum.scaleSelf(1/count);
         sum.limit(maxForce);
         sum.scaleSelf(scale);
         acceleration.addSelf(sum);
         return sum;
       } else {        
         return new Vec3D(0,0,0); 
      }  
 }  
fig 3.1.1 point-based agent algorithm-structure 
diagram
fig 3.1.2 strand-based agent algorithm-structure 
diagram
fig 3.1.3 behavior code diagram
DI RAM VECTORS PSEUDOCODE CODE
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3.2 CATALOGUE OF BEHAVIORS
fig 3.2.1 catalogue of behaviors
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The volatile nature of complex systems and intensive processes of formation, 
those which self-organise and are capable of catastrophic change, are inherently 
generative. From these edge-of-chaos conditions, new forms of order emerge, 
generating strange behaviors, characteristics and traits – conditions potent with 
architectural possibility.1
Computation is a necessary accomplice when working with complex systems. In 
architecture, however, computational methods have been adopted that privilege 
certainty over open-ended processes. These systems of parametric variation 
and optimisation are complicit in the automation of design marginalising risk and 
foreground stability and equilibrium. In contrast, this thesis posits an argument 
for complex systems of formation that operate through the volatile interaction 
of algorithmic behaviors, and engage the speculative potential of computational 
processes.
The instability of a system enables the emergence of an order that is radically 
different from its initial conditions. Complex systems with the capacity for 
catastrophic change, such as Stephen Wolfram’s cellular automata rule 110, 
operate on the edge of chaos and are potent with generative capacities. Within 
these globally volatile conditions, new characteristics and locally stable situations 
emerge from a constant state of flux, resisting periodic or predictable order. 
Wolfram points out that emergence is an unquantifiable phenomenon;2 the 
categorisation or evaluation of complexity is qualitative and subjective. Similarly, 
1.  A more detailed discussion of emergence 
and complex systems is presented in 1.1, The 
Unravelling of Certainty.
2.  Stephen Wolfram posits four categories 
of complexity that are qualitative rather than 
quantitative, arguing that emergence cannot be 
numerically described. See Stephen Wolfram, A 
New Kind of Science (Champaign, IL: Wolfram 
Media, 2002), p. 231.
1.3 VOLATILITY
IN OPPOSITION TO THE STABILITY OF COMPUTATIONAL ARCHITECTURE
fig 1.3.1 cellular automata, rule 110
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the cusps and bifurcations of chaotic systems map catastrophic change within 
internally coherent systems. Manuel DeLanda discusses these states in terms of 
thermodynamics.
It is only in these far-from-equilibrium conditions, only in this singular zone of intensity, that 
difference-driven morphogenesis comes into its own, and that matter becomes an active 
material agent, one which does not need form to come and impose itself from the outside.3 
It is the emergent capacities of these complex systems, hovering between order 
and chaos, which offer significant generative potential for architecture.
The underlying reliance of complex systems on iteration and feedback has 
rendered computation an indispensable tool in the generation and simulation 
of complexity. Architects, however, have largely relegated computation to the 
service of explicit control. Within architecture, computational design can be 
described through several broad categories: parametric modelling, optimisation, 
form-finding, and generative algorithms. The first three categories are inherently 
based on stability, or the search for equilibrium, while the latter category exposes 
the potential of open-ended complex systems. The necessity for risk and 
indeterminacy in design is not reducible to the dichotomy between linear and 
non-linear systems – although these are key protagonists – but is more precisely 
defined by the opposition of stability and volatility.
Parametric or associative modelling describes a linear relationship between a 
parameter and a geometric transformation, enabling the precise control and 
manipulation of flexible digital models.4 It is curious, then, that parametric design 
has been so enthusiastically promoted as a generative tool in contemporary 
architecture. Generative design can be described as designing the design 
process rather than the artifact, implying an abstraction of the designer from the 
artifact. However, parametric models are structured hierarchically, having direct, 
cascading, causal relationships – an obvious impediment to this description of 
generative design. The parameters within these models – as the now ubiquitous 
sliders in software programs epitomise – confine the model to a known set of 
limits. Unlike complex systems, parametric models do not embed their history; 
instead, they retain a reversible and repeatable association to their parameters. 
3.  Manuel DeLanda, ‘Deleuze, Diagrams, and the 
Open-ended Becoming of the World’ in Becomings: 
Explorations in Time, Memory, and Futures, ed. 
Elizabeth Grosz (Ithaca: Cornell University Press, 
1999), p. 32.
4.  The term ‘parametric’ is used in this context to 
describe the technique of parametric or associative 
modeling (see Glossary of Terms). It should be 
distinguished from Patrick Schumacher’s concept 
of ‘Parametricism’, which is an attempt to outline 
a broad methodological approach to architecture 
(Schumacher 2012).
fig 1.3.2 catenary model diagram
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A parametric model does not contain an active process, but simply a set of 
associations. So while parametric models enable a distribution of difference, this 
is not the difference that emerges from intensive processes, but rather a directly 
described, top-down, smooth gradient operating within a predefined range. Here, 
all possibility is already given within the starting condition.
Optimisation routines search a discrete set of possible solutions for maximising or 
minimising a known condition such as structural or environmental efficiency. The 
volatility of the search algorithms that underlie optimising processes range from 
incremental change to the stochastic5 operations of particle swarm optimisation 
or genetic algorithms. However, the internal volatility of search algorithms has 
little influence on the volatility of the design process, as these algorithms are 
searching for a predetermined optimal position. These strategies presuppose that 
architecture can be objectively evaluated through predetermined criteria, which is 
effectively a straightjacket to speculative design. Optimisation rejects subjective 
evaluation in favour of a reductive approach.6 Qualitative nuances, references, 
complexity, richness, and experience of architecture are beyond the capacity of 
numerically describable criteria. While optimisation is able to engage in highly 
volatile generative processes, it must operate as an accomplice, rather than the 
driver of, the process – conditioning volatile outcomes rather than attempting to 
generate them.7
Physics based form-finding is a non-linear approach to optimisation where 
each element negotiates with the adjacent elements to equalise difference, 
minimising energy within the entire system until an equilibrium position is 
reached. The non-linear operations imply volatility, but form-finding techniques 
are inherently risk-averse due to the stable nature of their formal characteristics 
and rapid convergence to equilibrium. The speed of convergence is a property 
of the algorithm and the initial conditions of the model. Typically, a model’s initial 
position is close to its form-found equilibrium, and consequently the form-finding 
algorithm operates as an application of a known and entirely consistent formal 
character. However, if the model’s initial conditions are far from an equilibrium 
position, it effectively has to unravel itself in negotiating the imbalance of force 
within the model, and is inherently less stable.8 Regardless of its convergence, 
characteristics of curvature within form-finding models such as a catenary chain 
5.  See Glossary of Terms.
6.  John Holland, who is credited with the 
development of the genetic algorithm, argues that 
the creative capacities of genetic algorithms are 
dependent upon the nature of the search criteria 
with respect to the evolutionary operation of a 
system. Holland contends that a search algorithm 
seeking an optimal solution is critically different from 
the evolutionary capacity of a genetic algorithm, 
since the latter is capable of volatile evolution. See 
interview with John Holland published in Neil Leach 
and Roland Snooks, eds. Swarm Intelligence: 
Architectures of Multi-Agent Systems (Beijing: 
AADCU, forthcoming). This being stated, the role 
of evolutionary techniques within architecture has 
been firmly tied to optimisation.
7.  Optimising algorithms that engage multiple 
criteria or have an abstract relationship to the form 
and organisation of the project are inherently less 
stable. Search algorithms that operate through 
multi-objective criteria negotiate between various 
necessities, generating less predictable or at least 
less indexical results. Structural and environmental 
criteria, embedded within optimisation strategies, 
condition form but in themselves are not explicitly 
formal. This level of abstraction, while less directly 
indexical, does not ensure volatility.
8.  Axel Kilian and John Ochsendorf argue that 
dynamic relaxation or force density algorithms 
typically operate through minor formal modifications 
in finding equilibrium situations, while particle-spring 
models are capable of more radical change. See 
Axel Kilian and John Ochsendorf, ‘Particle-spring 
Systems for Structural Form Finding’, Journal for 
the International Association for Shell and Spatial 
Structures, no.47, (2005).
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model, or of minimal surface within a soap-film model, are stable, immediately 
recognisable, known and indexical. Their precise character is known in advance 
and the application of these techniques can become a matter of style or cliché. 
Consequently, the stable process of selecting an algorithm, rather than the 
algorithm’s non-linear operation, has the dominant influence over architectural 
form and character. 
Volatility is predicated on resisting equilibrium. This resistance emerges from the 
negotiation of positive and negative feedback in maintaining a dynamic condition, 
from which a system reorganises and unique forms of order emerge. Given the 
relative speed or simplicity with which a form-finding algorithm reaches equilibrium 
and its stable characteristics, a volatile strategy is possible only if there is a radical 
topological reorganisation. Without this, the computational design process is 
simply the application of a predefined formal character to an a priori topology, 
since there is only one possible outcome to a minimal energy model for a given 
topology. The misunderstanding of this inherent stability as a form of objectivity 
is an unintended disguise for the desire for certainty – a retreat from risk and the 
subjectivity of design.9
The localised operation of non-linear models is a critical determinant of their 
meta-stability. Non-linear form-finding models, such as Frei Otto’s wet grid10, 
self-organise in a restrictively localised manner and are unable to reform the 
assemblage at the level of the system. Macro-scale order does not emerge within 
these models. The localised self-organisation operates as an application of formal 
or organisational character at the micro-scale, an act of selection rather than 
volatile generation.
Generative algorithms that engage recursive and self-organising procedures are 
critical to the generation of complexity within computational design. While the 
role of generative algorithms in architecture is diverse, the architectural relevance 
of algorithmic design is dependent on the ability to encode architectural intent 
within the operation of the algorithm. Typically, generative algorithms are simply 
deployed as templates for architecture: abstract formal generators, operating 
on an appropriated logic, devoid of any recognition of the architectural problem 
or proposition. Likewise, the application of algorithmic processes to discrete 
9.  The conservative nature of selection in form-
finding processes is particularly evident in the 
numerous contemporary catenary vault projects, 
which exhibit considerable formal similarity.
10.  See Otto (1996).
fig 1.3.3 wet grid
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elements, such as facades or surface pattern, limits complex systems to playing 
a minor role in defining architecture and confines non-linear processes within a 
known set of architectural hierarchies. 
If computational design provides the framework within which to rethink 
architecture through a non-linear paradigm, then it is not enough to simply apply 
the image of complexity to the body of modernity. It is perhaps this tendency that 
contributes to the perception of algorithmic architecture as obsessed with formal 
and aesthetic concerns – a perception that is antithetical to the organisational 
logic of complex systems. While this logic implies the potential for designing the 
inherently organisational aspects of architecture such as program and structure, 
complex systems are equally adept at engaging with form, as the emergence of 
form can be understood as the organisation of matter.
The emergence of a strange or unknown set of characteristics requires a 
willingness to experiment through the design of an algorithm rather than simply 
its selection. Algorithms with highly indexical and stable relationships to their 
formal characteristics do little to advance an open-ended design process; instead, 
they reduce algorithmic design to an act of stylistic selection. Within the highly 
networked computational design culture, the adoption of the default mappings of 
algorithms with a known indexical character, such as voronoi, reaction diffusion, 
l-systems11, magnetic fields or cellular automata, inherently denies volatility, and 
risks falling into cliché. The mimetic nature and safe connotations relating to 
beauty, and optimisation of the algorithms extracted from biology demonstrate a 
prevailing conservatism within contemporary computational architecture. 
The computational design methodologies outlined above can be seen either 
to be inherently stable or to be volatile within a predictable range: seeking a 
known attractor and the stability of selected characteristics. The rapid adoption 
within contemporary architecture of computational techniques that privilege 
pseudo-objective criteria, known characteristics and direct control demonstrates 
a prevailing desire for stability, and an unwillingness to engage with risk and 
the highly volatile conditions that are required for something new to emerge. 
But rather than advocating highly volatile systems that resist authorship or 
that privilege the unrepeatable accident12, what is needed is an alternative 
11.  See Glossary of Terms for voronoi, reaction 
diffusion and l-systems.
12.  Critiquing the accident within generative design 
strategies, Mark Burry makes an argument for 
the importance of repeatability within the design 
process. See Mark Burry, ‘Paramorph: Anti-
Accident Methodologies’, in Architectural Design: 
Hypersurface Architecture II, (London: Academy 
Editions, September 1999), pp. 78–83.
fig 1.3.4 voronoi diagram
fig 1.3.5 reaction diffusion diagram
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understanding of control and interaction between top-down and bottom-up 
processes.
The volatility of a design process is dependent upon the nature of the design 
intent and the abstraction between that intent and the designed artifact. The 
nature of authorship, or intent, within generative design can be categorised 
as either criteria or procedure. Designing to criteria is inherently stable, as the 
criteria constrain the possible realm of the artifact. In contrast, designing through 
procedure is inherently speculative, as it is concerned with the conditions of 
operation rather than conditioning the outcome. This necessary abstraction 
between the design intent and artifact enables an emergent outcome through the 
interaction of design procedures.13 
The highly volatile approach of Behavioral Formation is posited in this thesis in 
opposition to the inherently stable computational models that have been adopted 
more broadly within architecture. This methodology is not intrinsically tied to 
formal or organisational characteristics that are simply selected, but instead is an 
experimental approach that generates emergent architectural order, organisation 
and characteristics.
Self-organisation within behavioral processes of formation generates emergent 
characteristics in a manner not dissimilar to many of the non-linear generative 
algorithms that are criticised here. What differentiates Behavioral Formation is 
the architectural nature of the rules from which the characteristics emerge: these 
are loaded with specific design intent. Original characteristics emerge through a 
design process based on architectural tendencies and behaviors rather than the 
adoption or misappropriation of stable characteristics and known criteria from 
biology or computer science. One such volatile architectural logic is the formation 
of emergent spatial topology posited in the manifold swarms strategy. This is an 
example of a design strategy that is less concerned with the emergence of original 
formal character (as it tends toward a smooth manifold surface), but instead 
focuses on the volatile emergence of an original topology.
In contrast to optimisation algorithms, there are no a priori criteria constraining 
Behavioral Formation. Instead, a subjective design sensibility emerges from 
13.  A more detailed discussion of the nature of 
design intent is outlined in the Introduction to this 
thesis.
fig 1.3.6 flock diagram
fig 1.3.7 ant-trail diagram
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orchestrating the interaction of many micro decisions and intentions. While design 
intent might be prescriptive at the level of the agent, these processes are never 
stable at the macro-scale because the agent is oblivious to the emergence of 
the swarm. The Behavioral Formation logic of encoding agency within geometry 
avoids any generic mapping of known algorithms, and, as such, Behavioral 
Formation resists the indexical nature of appropriated algorithmic techniques.
Behavioral Formation is a theoretical, conceptual and procedural approach to 
architecture, distinct from the architectural adaptation of multi-agent algorithms. 
As with all algorithms within architecture, multi-agent systems have been variously 
misappropriated and abused. The classic mapping of the boids algorithm as a 
swarm, or more recently stigmergic organisation as ant-trail simulations, are at 
risk of being applied within architecture in a generic or clichéd manner. While 
the underlying operation of these algorithms are potent with possibility for the 
architect, as demonstrated in this thesis, their unaltered adoption is as limited 
and problematic as any appropriated algorithm that is applied rather than being 
reinvented to negotiate architectural intent.
Volatile algorithmic design methodologies can be understood as part of a broader 
contemporary interest in indeterminacy and non-linearity that has been emerging 
since the advent of chaos and complexity theory. However, the argument for 
volatility is more than a theoretical concern; it is a fundamental concern for the 
importance of subjectivity and the nature of risk within design.
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3.3 APPROACHES TO ENCODING ARCHITECTURAL 
INTENT
The arguments made in this thesis are contingent on the ability to encode 
architectural design intent within an algorithmic process.1 With the dissemination 
of multi-agent algorithms in architecture over the last couple of years, the ways in 
which they are being applied can be observed and categorised based on the role 
of architectural decisions or intent within the process. 
Four categories of application are described in Fig 3.3.1, all of which assume 
that there is a feedback loop of evaluation that influences the parameters of the 
behaviors.2 The first category involves the use of arbitrary behaviors that self-
organise to create emergent patterns, organisations or form. These behaviors 
are arbitrary with respect to architecture; they are not specific to either local or 
global3 architectural design intention. Often this technique involves appropriating 
algorithms from biology, such as flocks or ant-trails. The evaluation of the 
emergent output is based on the emergent qualities of the pattern or formation. 
This approach, while useful in generating pattern, is most-often naïve in an 
architectural context, as the generated pattern must be applied to, or manipulated 
into, architecture rather than architecture being intrinsic to its formation.
The second category is similar to the first in its operation and selection of the 
behaviors, but the evaluation is determined by architectural criteria. The various 
iterations of the algorithm are assessed against the architectural objectives 
of the project, and the behavioral parameters are adjusted accordingly. While 
architectural design intention is at play in this approach, it remains at the level of 
the emergent whole – not an emergent architecture, but an emergent formation 
that is fit for architecture. With this approach, there is no architectural intention 
encoded within the system itself and, consequently, it has little capacity for 
architectural sophistication. Nevertheless, it can be a powerful generator of form.
The third category involves designing specific behaviors with the intention of 
creating a particular global architectural outcome. The design iterations are 
evaluated against those architectural outcomes, and the behaviors are iteratively 
1.  This does not imply that Behavioral Formation 
is exclusively digital. Algorithms are simply 
instructions; the medium in which they operate 
is conceptually irrelevant. Practically, however, 
the level of iteration and the population size 
experimented with in this research would be far 
beyond the capacity of manual calculation.
2.  An iterative evaluation and feedback loop forms 
the simplest interaction between the algorithm and 
design intent.
3.  Global is often used in this thesis to describe the 
macro-scale of a system.
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redesigned in response. An example of this 
approach is the manifold swarm strategy, 
where behaviors are designed so that the 
agents self-organise into coherent manifold 
surfaces. While the outcome is highly volatile 
and emergent in this case, the particular 
intention of creating manifold surfaces is 
achieved.
The final category is the design of behaviors 
that encode specific local architectural 
relationships. The architecture that is 
designed through this approach exhibits 
emergent characteristics at the global scale, 
while maintaining specific local architectural 
conditions. These local behaviors and 
conditions can relate to issues such as form, 
program, structure, tectonics and ornament. 
The iterative outcomes are evaluated based on 
the architectural capacities and qualities both 
of the global formations and of local conditions.
The algorithmic design strategies in this 
thesis fit into the third and fourth categories. 
A primary concern of Behavioral Formation 
is to embed architectural intention within 
the algorithm. This is an important point 
of difference between these design 
methodologies and the increasingly popular 
use of multi-agent systems simply to generate 
pattern and form. 
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fig 3.3.1 approaches to encoding architectural intent diagram
58
The multi-agent algorithms developed in this thesis encode agency, or design 
intent, within agents that are defined by points in Cartesian space. Strands, 
networks and bodies are hierarchical structures that define specific topological 
relationships between these agents, and embed the agent as the active 
component within a specific structure. 
Strands are a collection of point-based agents in a specific linear order. Within this 
structure, it is the agents that are active rather than the strand. The agents move 
in response to their local conditions, and inherit attributes, additional behaviors 
and constraints from the strand. The strands are encoded with internal behaviors 
(typically related to factors such as elasticity, bending or material capacities) that 
control how agents on the same strand interact. 
Networks are a collection of point-based agents that are associated through a 
specific network topology, which defines the neighbourhood of interaction. A 
spring network is a typical example of this, where an agent responds to those 
agents connected to it rather than responding to agents within a Cartesian 
proximity. A mesh can be thought of as a subset of a network, where the springs 
form connected polygon faces. 
AgentBodies are a collection of strands, while the strands are a collection of 
point-based agents (strand agents). These bodies are structured hierarchically, 
with a host agent dictating the position and orientation of the body. It is this host 
agent and the strand agents that are active, while the strands and the body are 
hierarchical control structures. This structure allows the agent to operate at two 
scales of agency; in the Composite Swarm project1, for example, this distinction is 
between topology and tectonics. Other structures for defining bodies have been 
explored, including small networks without host agents2. However, the strand-
based agentBodies enable a more expressive body design, capable of readable 
topological change at the scale of the body.
1.  Key Projects, 4.13.
2.  This agent body logic (described as 
bodyTopologic) has been developed by Robert 
Stuart-Smith, and used in the Busan Opera and 
Helsinki Library competitions.
3.4  THE SUBSTRATE OF AGENCY
POINTS, STRANDS, NETWORKS AND BODIES
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POINT STRAND NETWORK
(MESH)
BODY
fig 3.4.1 substrate of agency diagram
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fig 2.1.1 Fibrous House chunk study 1, drawing
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2.1 FIBROUS ASSEMBLAGES
Materials are not homogenous bodies of matter, but instead are assembled from 
complex micro-scale elements, forming intricate structures, which imbue materials 
with their bias and specific capacities. This understanding of matter has been 
vividly rendered with the advent of the electron microscope; such imagery has 
been a useful conceptual and aesthetic reference in this work. Considering matter 
as an assemblage of micro-scale elements is the basis of fibrous assemblages: a 
multi-agent design strategy developed by Kokkugia that encodes agent behavior 
within the geometry of strands1. This strategy draws upon Frei Otto’s self-
organising woollen strand experiments2, but extends the agency from localised 
bundling based on surface energy minimisation (of water) to a complex set of 
architectural design decisions or behaviors.
Fibrous assemblages emerge from the local interaction of strands during 
the formation of architectural form, surface, structure and ornament. Fibrous 
assemblages can either be deployed at the scale of a single architectural concern, 
such as structure or ornament, or they can operate across these scales, exhibiting 
structural or ornamental behavior depending on the specific local conditions. 
Taken to its logical extreme, this design strategy offers a radical approach to 
creating all facets of architecture from a single geometric condition – the strand. 
The Fibrous House3 is an experiment with this capacity of fibrous assemblages to 
create polyscalar assemblages of strands.4
1.  For a technical description of the strand-
based multi-agent algorithm see 3.1, Multi-Agent 
Algorithms, and 3.4, The Substrate of Agency.
2.  Frei Otto’s wet grid experiments (Otto 1996) 
explored self-organisation by coating an arbitrary 
distribution of woollen strands in water so that the 
surface tension of the water would locally bundle 
the strands and self-organise their position relative 
to their neighbours.
3.  Key Projects, 4.3.
4.  This is discussed in greater depth in 2.2, 
Polyscalar Tectonics.
fig 2.1.2 Fibrous House chunk study 2, drawing
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Fibrous assemblages are structurally non-linear, and are not defined by prescribed 
hierarchies of primary, secondary and tertiary elements. Instead, hierarchies 
emerge from the non-linear interaction of fibrous assemblages as variation in 
intensity, intricacy and density. The field of strands comprising the shell of Fibrous 
Tower 25 interacts to create hierarchical features such as thick surfaces, dominant 
bundles and weaker horizontal links. Strands within fibrous assemblages weave to 
form surfaces, while surfaces delaminate into strands. This relationship between 
surface and strand contributes to a related blurring of the distinction between 
architectural roles such as skin and structure. In these conditions, every strand 
operates structurally within a redundant, highly ornamental assemblage6. 
Kokkugia’s Fibrous Tower projects and Fibrous House explore this blurred 
condition at two scales. The strands of the tower projects bundle to generate 
shells that create enclosure, resolve structure and generate ornamental qualities. 
Within this population of strands, there is a uniform rule set with no separation 
of the strands into structure, skin or ornament. Instead, the strands negotiate 
between structural, topological and ornamental behaviors embedded within each 
strand. This process creates an intricate geometry reified as a monolithic concrete 
exoskeleton. The Fibrous House creates this blurred condition through the 
excessive matting of strands that forms an intricate composite fibre surface. 
At its extreme, as in the Fibrous House, fibrous assemblages lead to a singular 
architectural expression. However, this is not a homogenous expression, rather 
a field capable of supporting emergent internal differentiation. This differentiation 
emerges as sub-expressions, where the assemblage expresses locally 
differentiated characteristics such as the coexistence of the cellular and striated 
conditions in the fibrous towers. The non-linear feedback of fibrous assemblages 
enables them to absorb competing imperatives – imperatives that generate locally 
differentiated characteristics within a continuous whole. 
Fibrous assemblages have a complicated relationship to surface. While strands 
can matt together to generate surface, it is very difficult to create a coherent 
surface topology without relying on a surface as an input or attractor in the 
system. In other words, it is problematic to generate surfaces with lines without 
an a priori surface to adhere to. However, this is precisely the appeal of these 
5.  Key Projects, 4.2.
6.  The role of redundancy is discussed at greater 
length in the Introduction to this thesis.
fig 2.1.3 Fibrous Tower xray drawing
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geometries: they resist the simple geometric expression of a surface. Fibrous 
assemblages maintain a fuzziness; they blur the boundaries between surface and 
line, resist enclosure as a definitive edge, are topologically vague, and weave and 
unravel in complex and subtle ways.
Fibrous assemblages rely on a sufficient population of elements to enable an 
emergent expression: that of the assemblage rather than the expression of 
the individual line. While fibrous assemblages often exhibit interesting local 
characteristics through the bundling and weaving of strands, it is the expression of 
the system’s self-organisation that is most compelling: the emergence of complex 
order that is readable at the building scale. Emergence or the recognition of 
order generated by complex systems often occurs at nested scales within fibrous 
assemblages. 
The emergence of order at different scales has been a contributing catalyst for 
increasing the population of strands throughout these design experiments, based 
on the principle that an increased population provides greater opportunities for 
complex order to emerge. Similarly, the volatility of this fibrous assemblages 
strategy has been increasing in Kokkugia’s projects over the last few years. At 
the scale used in the Fibrous Tower7, the strands are subservient to the surface 
geometry of the tower. The strands in Fibrous Tower 2 are less constrained and 
exhibit a less applied characteristic. However, it is not until the Fibrous House that 
the emergent order of the strands becomes the dominant expression: a condition 
where surface and form are inseparable from strand.
7.  Key Projects, 4.1.
fig 2.1.4 strand behavior diagram
fig 2.1.5 Fibrous House strand drawing
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4.1 FIBROUS TOWER
HONG KONG, CHINA |  2008
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The shell of the Fibrous Tower compresses tectonic hierarchies into an intricate 
expressive concrete structural skin. The design process was a negotiation 
between the emergent characteristics of algorithmic processes and the capacities 
of concrete casting techniques. The project is a speculative proposal for a 
commercial office tower.
It was through the design of this tower that we began to formulate the idea of 
a single geometry that could negotiate between many different architectural 
concerns – a concept that now underscores many of our projects. The concrete 
shell negotiates between structural, environmental, ornamental and spatial 
imperatives; we conceptualised these as behaviors that interact to influence a 
single body of geometry. This concept has expanded, through the process of 
reflection in this thesis, into a broader conceptualisation of the uncoupling of 
geometry from architectural roles or purpose.1 
The Fibrous Tower was the first of our fibrous assemblages projects. The 
introduction of the strands was an attempt to create an ordering system and 
directionality to a pattern of perforations in the concrete shell. Structurally, 
the strands are not ordered into a hierarchy of primary, secondary or tertiary 
structure, although hierarchies of bundling and intensities emerged from the 
self-organisation of the strands. We orchestrated this bundling to create different 
scales of visual, as much as structural, order. Different geometric types emerged 
across the shell, with zones of cellular and laminar characteristics integrated into 
1.  This is discussed in greater detail in 1.2, 
Behavioral Methodologies.
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a continuous pattern. Structurally, the shell transfers the static load from the floor 
plates, freeing the interior from columns.
We designed the shell as a simple folded form, in part to break up the mass of the 
tower while maintaining large planar surfaces to simplify the concrete formwork. 
The continuation of the parapet and the narrow moat around the base of the shell 
were intended to create a reading of a continuous, unbounded field of strands. 
Spatial behaviors were designed to negotiate within the shell, thickening at 
strategic locations to create inhabitable space. The cellular nature of these 
connected balcony or breakout spaces contrast to the free plan of the open floor 
plates. The design of the shell was intended to create ornamental qualities, and, 
while the strands are evidently ornamental in character, the lack of self-similarity 
or polyscalar agency and the relatively low resolution of the strands limited the 
intricacy at an ornamental scale. It was the observation of this lack of intricacy 
that provided the catalyst for the second iteration of this project, Fibrous Tower 2, 
in which we achieved greater complexity and ornamental qualities.
The shell operates as the structure and façade of the Fibrous Tower, with the 
glazing line inset 1m. By detaching the glazing from the shell, we maintained the 
purity of the shell geometry and avoided the need to incorporate window framing, 
insulation and lining into the shell. The floor-to-ceiling glazing exposes the slab 
edges and enables standardised glazing systems to be used. The floor slabs, 
which are connected to the shell with a series of tabs, are cut away in several 
locations to provide communication across floors, breaking up the monotony of 
the tower’s floor plates and creating a more expansive experience internally of the 
shell. 
We relied on a relatively constrained generative approach in the project to ensure 
that a viable construction technique could be developed. The construction system 
is intended to be cast insitu concrete, using conventional plywood formwork for 
the face of the shell and EPS foam moulds to form the holes. This logic drew on 
experience I had developed when working as an employee at Reiser+Umemoto 
several years earlier. The concrete shell of Reiser+Umemoto’s O14 tower has a 
comparatively regular perforation pattern that was rationalised to be constructed concrete formwork diagram
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from re-usable formwork; however, the contractor chose to mill each formwork 
mould individually from foam. This demonstrated that an entirely irregular pattern 
of perforations would not have had any cost implication. 
The other influence on the construction system was the concrete screens of Erwin 
Hauer, and in particular Design 52, which have a sectionally complex interlocking 
form, but can be cast using simple two-sided removable formwork. Hauer’s 
screens are entirely regular and repetitive; however, we realised that, by combining 
the logic of two-sided moulds with non-repeating formwork, the Fibrous Tower 
could be constructed within a rational and known set of techniques. Despite the 
complicated geometry of the shell perforations, its generative logic enables the 
foam moulds to be fabricated on a three-axis CNC mill without undercuts. It is the 
connection of these moulds that generates a particular edge condition within the 
thickness of the shell: a curved edge that generates an important aspect of the 
project’s formal character. 
2.  Erwin Hauer’s Design 5 was used in projects 
such as the Vassar College, Chicago Hall, 
Poughkeepsie, NY, and the Standard Hotel, New 
York City.
self-organising strand iterations
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4.2 FIBROUS TOWER 2
SPECULATIVE PROJECT | 2009
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The second in a series of projects exploring concrete exoskeleton towers, Fibrous 
Tower 2 is more intricate and was designed through a more volatile process than 
its predecessor. The first Fibrous Tower1 is defined by the explicitly modelled shell, 
which we used to distribute strands. This second version was more reliant on 
the generative aspects of the design process, with agents drawing strands over 
loosely defined programmatic volumes. This change in emphasis is evident in the 
complexity of the characteristics and topology that emerged from the process. 
The resultant topology is not a clean manifold surface; instead, the shell shifts 
between approximating surface and woven three-dimensional bundles. For the 
original tower, we consciously adhered the strands to the exterior shell, whereas 
in this iteration the strands are woven into the interior to create more spatially 
complex geometry within the tower. 
We designed the original tower using a single scale of strands, but for Fibrous 
Tower 2 we developed a polyscalar approach in order to create a seamless 
relationship between the scales of form generation and ornament. This project has 
three scales of strands, which mutually interact to resist any sequential reading of 
hierarchy. Through this polyscalar approach, we created an irregular pattern with 
considerable variation of articulation, within an emergent order.
Creating a definable shell surface from the complex distribution of strands was 
difficult, as the volatile nature of the project resists the regularity of surface. We 
wrote specific behaviors for the agents to search out excessive spacing between 1.  Key Projects, 4.1.
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strands and to draw new strands between these irregular areas of bundling. 
This is an example of mitigating the volatility of the process while maintaining its 
emergent characteristics. In areas where the strands compressed into a cohesive 
surface, we carved away the face of the implied surface to shift the reading from a 
collection of strands to a more uniform shell. This approach reinforced the surface 
of the shell, and created a subtle differentiation between the character of the 
strands that imply surface as opposed to those which created three-dimensional 
networks or bundles of strands.
We looked upon this project as a chance to explore the unfulfilled potential of the 
original Fibrous Tower (designed in 2008), where we had been primarily interested 
in the construction logic. For Fibrous Tower 2, we tested the implications of 
behavioral processes of formation in a relatively unconstrained situation. The 
volatility of this process leads to a significant variety of geometric conditions and 
spatial complexity. Laminar surfaces, thick bundles, sparse networks and cellular 
conditions all emerge from the same algorithm. This highly emergent approach 
imbues the project with an unintended biological reading, evoking the imagery of 
vascular systems and other biological networks, a reading that is emphasised by 
the loss of the edges that define the cells of the original tower. 
strand generation and self-organisation diagram
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fig 2.2.1 polyscalar strand diagram, with three 
scales of strands
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2.2  POLYSCALAR TECTONICS
A BLURING OF FORM, STRUCTURE AND ORNAMENT
Polyscalar tectonics is a design strategy that maintains a consistent process of 
formation or expression across scales. The strategy is part of a larger agenda in 
this thesis to separate architectural purpose from discrete geometric elements.1 
Polyscalar tectonics repeats the same operation at multiple scales, which 
necessarily separates geometry from an indexical relationship to any specific 
purpose. This strategy creates an ambiguity or blurring between the formal, 
structural and ornamental role of geometry.
This approach is typified in the Yeosu Pavilion2, where the same formal language 
of surface and strand is deployed across scales, and operates in formal, structural 
and ornamental roles, blurring the relationship between these functions and 
creating a singular expression, independent of scale and architectural purpose. 
This blurred condition causes the geometry to operate as a redundant hybrid, 
where any pleat or strand is always partly structural and partly ornamental, never 
purely one or the other. This strategy compresses tectonic hierarchies and resists 
the application, or subservient nature, of ornament to structure. This is not a 
disguise for the various tectonic systems, but a strategy for blurriness in operation 
as much as legibility. 
Polyscalar tectonics are not unique to Behavioral Formation. The gothic can be 
considered to contain a polyscalar approach, where the constant subdivision of 
structure becomes ornamental and creates a continuous reading or operation 
across scale. It is perhaps not unusual then that many of the polyscalar tectonic 
1.  The separation of architectural purpose from 
geometry is discussed in more depth in the 
Introduction and in 1.2, Behavioral Methodologies.
2.  The Yeosu Pavilion project (4.6) is a competition 
entry for the thematic pavilion for the 2012 Yeosu 
Expo. The project was designed in collaboration 
with Tom Wiscombe.
fig 2.2.2 Cliff House, polyscalar surface detail
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projects can be thought of as having gothic tendencies: the sectional poche of the 
Yeosu Pavilion’s bundling strands has a distinct gothic figure. 
Polyscalar tectonics operates either in a self-organising or fractal manner. Fractal 
operations repeat the same procedure recursively at decreasing scales. The 
agent-branching logic of Yeosu Pavilion exhibits this approach, where each 
bifurcation locally decreases the scale of behavior and geometry. The fibrous 
assemblages projects operate through a self-organising logic. Unlike the operation 
of the fractal approach, there is mutual feedback between strands regardless of 
scale, where small and large-scale strands interact and bundle. 
A polyscalar approach is important to this thesis, both conceptually and 
aesthetically. The blur between architectural elements is a clear expression of 
a non-linear process of negotiation. This process produces an aesthetic that 
is representative of formation more than form, a characteristic evident in the 
negotiated strands of Fibrous Tower 23. The expression of this singular strategy is 
continuous but not homogeneous, with local differences emerging from within the 
continuous whole. This lack of reference renders the work strange and often alien, 
as there is no recognition of a specific or singular purpose assigned to geometry. 
3.  Key Projects, 4.2.
fig 2.2.3 Fibrous House detail
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Polyscalar tectonics is an aesthetic as well as a tectonic strategy; it is a way of 
creating an architectural language for a project, where something novel emerges 
from the excess of something known. The sheer mass of strands that bundle 
to form the Fibrous House4 changes the definition, or the way the project is 
perceived, from that of strands to the emergent bundling of those strands. The 
house is perceived as a turbulent flow rather than an accumulation of parts. 
This emergent macro-level reading takes on a new and strange set of qualities 
and characteristics that are closer to that of flesh or fibrous material than to the 
composition of architectural elements.
The legibility of polyscalar tectonics can be separated from the emergent 
characteristics generated through its process of formation. The memorial space of 
the Babiy Yar project5 is generated through a polyscalar agentBodies approach6, 
where bodies are nested at fractal scales. Unlike the fibrous assemblage projects, 
the various scales are not individually expressed in the Babiy Yar Memorial. The 4.  Key Projects, 4.3.
5.  Key Projects, 4.10.
6.  See 2.5, AgentBodies.
fig 2.2.4 Yeosu Pavilion detai
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4.3 FIBROUS HOUSE
SPECULATIVE PROJECT | 2012
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The Fibrous House is an experiment in the generation of architecture through 
volatile fibrous assemblages. The project was an opportunity to speculate on the 
tectonics and aesthetics of designing a building entirely from a single geometric 
type: the strand. The Fibrous House was designed in parallel with the Cliff House, 
although each explored a different approach to designing a fibre composite 
building from strands. The design process of the Cliff House prioritises the surface 
as the primary ordering device, creating a smooth continuous project, while the 
primacy of the strands in the Fibrous House generates a messier reading.
The form is intentionally chaotic, a wild and intricate assemblage that is a vivid 
expression of the intensive algorithmic process of its formation. The fibrous 
tentacles of the house extend from the landscape, converging in a turbulent flow 
that wraps to enclose the program of the house. The articulation of the project 
is inseparable from the intensity of the generative design process. While we did 
not plan the project to be deliberately referential or metaphorical, characteristics 
generated through the process lie somewhere between the reading of natural 
fibres of plants and the tissue of flesh – disquieting qualities that we began to 
tease out of the process.  
The project expanded on the techniques originally developed in the design of the 
Fibrous Tower in 2008, by increasing the population of strands and freeing them 
from the influence of a predefined surface. Unlike the design of the Fibrous Tower, 
we did not rely on an explicitly modelled topology of form; instead, the form, 
structure and articulation emerged as a dense mass of strands. 
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The project was premised on excess and the opportunistic use of the redundant 
geometry that it generates. The excess of the strands enables the geometry to 
operate in multiple roles simultaneously, with the strands defining form, structure, 
surface and ornament. Each of these architectural imperatives occupies the 
geometry in different ways. For example, the highly networked nature of the thin 
strand geometry creates strength through its structural depth and connectivity. 
While this in itself is not optimal, the geometry is simultaneously occupied by other 
architectural imperatives such as ornament or surface. 
Creating different characteristics discernible at several scales was one of our 
ambitions throughout the design process. The macro-scale is defined by turbulent 
flows that are formally expressive. Intermediate scales are dominated by smaller 
eddies and the shifts between surface and strand. At the smallest scales, the 
bundling of the fibres is the dominant reading of the project.
We fabricated a fibre-composite prototype to experiment with the possibilities 
of constructing these intricate fibrous assemblages. This was one of the earlier 
composite prototypes that we built in what is now becoming a key aspect of 
this design research. Instead of using fibre composites as a high-performance 
material, we explored its expressive capacity and the blurred conditions created 
between surface and strand. 
In the last few years there has been a proliferation of high-density strand projects 
within contemporary computational architecture. Typically, however, these projects 
apply strands as though they were texture, a dense but ultimately undifferentiated 
smear of articulation. Impressively intricate as these may be, they do not create 
a complex organisation: the whole is not greater than the sum of its parts. In 
these projects, the texture or pattern of fibres is applied to form, rather than form 
emerging from the behavioral interaction of fibres.
The extreme polyscalar approach we developed in the design of the Fibrous 
House blurs the relationship between form and articulation. Our ambition was to 
make a seamless polyscalar relationship from form through to the fibrous material 
from which it is fabricated.
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4.4 CLIFF HOUSE
SPECULATIVE PROJECT | NEVADA, USA | 2012
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The Cliff House was an exploration of the structural possibilities and implications 
of fibrous assemblages and behavioral composites. The fibre-composite house 
cantilevers from, and is tied back into, a cliff in Nevada. The extreme site was 
selected for this speculative project to foreground the structural capabilities of the 
material and design process.
The house is tethered to the cliff by the extended fibrous strands. These tentacles 
are attached to the cliff due to structural necessity and our interest in creating 
continuity from the object to the cliff: a strategy we explored to diffuse the object 
into its environment. We attempted to create ambiguity as to whether the strands 
are growing through the existing cracks in the rocks, or whether the cracks have 
been made for the strands. This condition is neither natural nor artificial; our 
intention was to establish a tension between the two. 
The house was a modelled with double curvature surfaces, capable of negotiating 
the various behaviors of its process of formation within a continuous whole; 
in other words, we were designing a blob. As edge and silhouette are critical 
aspects of the reading and definition of form, blobs are aesthetically and formally 
difficult: they have neither the purity of a sphere1 nor the strength of form to 
produce a successful silhouette. These concerns are entirely subjective, but 
nevertheless we considered the challenge of this project to be the creation 
of edges and concavity to overcome these convex characteristics of the 
cantilevering object. One strategy we explored was tentacles: extending the 
1.  Greg Lynn describes a sphere as a blob without 
influence (Lynn 1998) p166..
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fibrous strands into the environment to break the smooth reading of the silhouette 
and to feather its edge. A second strategy we developed were the fat wings 
which introduced edge and a more defined reading of the silhouette. Fat wings 
are truncated, deliberately stubby, and blunt not sharp. In trying to describe the 
characteristics of fat wings I found myself referring to Marc Newson’s Kelvin 40 
jet; unfortunately, this might be responsible for the house inadvertently looking 
a little like a jet trying to escape the cliff. The vortex was our third strategy: the 
spiralling of a wing’s edge into the body of the form. This produced concavity and 
a continuation of the edge, providing topological complexity to avoid the convex 
reading of the form. Through these strategies, we were able to mitigate what 
we perceived as the formal difficulties of blobs without resorting to cutting the 
form into an open manifold. Open manifolds, such as the form of the Composite 
Swarm installation1, avoid a convex reading in favour of the expression of the 
edge. This is typically an easier formal strategy, but one that causes difficulties in 
defining the envelope.
In developing the materiality of the project, we deliberately created differing 
effects between day and night. The reflective quality of the glossy surface reduces 
transparency during the day, and emphasises the surface curvature and its 
pleated modulation. We exploited the translucency of the composite material to 
reveal the silhouettes of the embedded networks and emergent hierarchies of the 
structural strands at night.
We designed this project in parallel with the Fibrous House, with the intention that, 
although they share the same algorithmic logic, they would be decidedly different. 
The Fibrous House is the messy, wild brother, a bundle of strands that resists 
a definitive reading of surface. Conversely, the strands of the Cliff House are 
constrained to a surface and brought into a unified synthesis through a process of 
strange feedback.
A simple structural analysis approach was employed, in collaboration with the 
Texas A&M Aeronautical Engineering department, to analyse the project for static 
structural capacity and, more importantly, the wind loading on the house. Due 
to the uplift generated by hot air rising off the cliff face and the low weight of the 
project, the house is in greater danger of taking off than succumbing to dead 1.  Key Projects, 4.13.
strange feedback process
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loads. The extremely lightweight and structurally strong fibreglass surface enables 
the house to achieve a considerable cantilever. 
The prototype fabricated for the project explored a method of embedding larger 
surface-like elements within the glass fabric laminate in addition to the strands. 
Known as the cartilage, these mega-strands are made from a black felt-like 
material providing additional structural depth and rigidity.
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4.5 TAIPEI PERFORMING ARTS CENTRE
TAIPEI, TAIWAN  |  2008
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Taipei Performing Arts Centre was the first major competition we entered 
as Kokkugia, which was prior to the development of many of the concepts 
and strategies outlined in this thesis. The project became a catalyst in the 
development of some of these ideas; in particular, it was the first project where we 
seriously explored the relationship between top-down architectural intention and 
bottom-up generative processes. Previously, our work had been almost entirely 
driven by an enthusiasm for the emergent capacity of algorithmic design.
We designed this project several months before the Fibrous Tower1, in which 
we began to conceptualise the capacity of behavioral processes to negotiate 
architectural roles within a single geometry. This arts centre is the least synthetic 
of our projects, exhibiting a clearly delineated separation of parts, defined by three 
main elements: podium, auditoria and roof. This separation into discrete parts was 
also a pragmatic convenience, as it enabled us to streamline the division of design 
work between my studio in New York and Robert Stuart-Smith’s in London. 
The monolithic concrete podium was eroded to create a complex public space 
at the heart of the project. The geometry was designed through a fractal strategy 
that recursively subdivided the concrete mass to create varying levels of detail. 
The eroded façade was intended to create a differentiated and permeable street 
frontage and distributed entries. We also deliberately broke down the mass of 
the project to respond to the adjacent night market in terms of scale and texture. 
This subdivision strategy operated at the levels of formal manipulation as well as 1.  Key Projects, 4.1.
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fenestration and detail. The podium contains the back-of-house program, rises up 
to form the fly-towers, and provides for a tiered, multi-level foyer space.
The Performing Arts Centre contains three auditoria: a playhouse, a multiform 
theatre and an opera theatre. These volumes, the exterior of which are timber-
clad, fit between the eroded podium and the roof. We designed the interiors of the 
auditoria through fractal tiling algorithms, not dissimilar to the logic of the fractal 
podium. The playhouse subdivision is based on the self-scaling sphinx tile, which 
rotates and extrudes as it subdivides. This technique creates differentiated scales 
of articulation for acoustic modulation and ornamental detail. In developing this 
strategy we drew on, and made reference to, the interior of Storey Hall designed 
by Ashton Raggatt MacDougall (ARM), which subdivides the aperiodic Penrose 
tile. The multiform theatre is articulated by the subdivision of timber blocks2. 
We chose the warm materiality of timber because, unlike the playhouse, the 
multiform theatre is designed for full lighting. However, this selection probably also 
had something to do with the Melbourne Recital Hall, the design of which I had 
worked on as an employee of ARM several years earlier. In designing the opera 
theatre, our conversations frequently cited the Garnier Opera and our nostalgia 
for the lost richness and intensity of pre-modern ornate interiors. Our opera 
theatre ceiling was an attempt to regain this intricacy and rich detail through a 
recursive subdivision of extruded hexagons. Reflecting on the design of this opera 
theatre now, it appears crude by comparison with the intensity of our more recent 
ornamental projects, such as the memorial at Babiy Yar.
2.  The cube is one of the few self-scaling polyhedra.
playhouse theatre
multiform theatre
opera theatre
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The roof creates the dominant image of the art centre’s exterior. It covers the 
public programs and visually unites the project while disguising the awkward 
forms of the auditoria and fly-towers. The design of the roof was our first attempt 
to develop a procedural interaction between top-down architectural intention 
and the emergent capacities of an algorithm. We initially modelled the surface of 
the roof directly as a network, giving different degrees of freedom to the nodes/
agents of the network with respect to their ability to self-organise the network 
topology and re-form the roof surface. Through this approach, we could tightly 
control specific requirements of the roof, while allowing other areas the freedom to 
self-organise with greater volatility. The results are most evident around the major 
public areas, where the roof re-formed to generate a complex web of strands. 
We attempted to use the generative process of negotiation to blur the distinction 
between surface and strand, although this project falls short of our ambition of a 
seamless relationship between these geometries. Instead, the roof can be defined 
by two, mostly discrete, conditions: those of spaceframe and of surface. As with 
many of our initial experiments, this shortcoming became the catalyst for other 
projects, such as the Yeosu Pavilion3 and Cliff House4, where we further explored 
this ambiguous relationship between geometries.3.  Key Projects, 4.6.
4.  Key Projects, 4.4.
surface to strand studies
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Complex systems privilege local interactions over global understanding or 
communication in order to generate emergent behavior. It is the non-linear 
feedback between locally interacting agents that leads to the self-organisation of 
a system. However, this intentional global ignorance presents a problem for the 
designer, as many architectural concerns can only be understood at the global 
scale. These are inherently topological concerns; while agents understand their 
local connections and the behavior of adjacent agents, they have no knowledge 
of the larger field of connectivity (the topology of the network). This causes 
particular difficulties for the design of enclosure and structure within behavioral 
processes of formation.
Designing surfaces with behavioral processes and multi-agent algorithms is 
inherently difficult, as a surface is a specific topological organisation of points. 
Swarms tend to work as volumes of agents (or point-clouds) rather than as 
surfaces. This resistance to surface has been overcome to some degree with 
the manifold swarms strategy1, which creates surface through rules of local 
flattening. While this generates coherent manifold surfaces, it does not provide 
any understanding of the topology or enclosure of the surface at the global scale: 
a point on a surface is thus unaware of whether it is on a sphere, a plane or a 
more complex topology.
Structure, or the flow of load through geometry, is also an issue of topology. The 
connectivity of the entire system must be known in order to analyse the load 
paths, and the structural load at a given point in a system cannot be known from 
a purely local analysis. This demonstration of the necessity for top-down analysis 
was the catalyst to develop the agency of structure strategy2.
1.  Strategies, 2.6.
2.  Strategies, 2.4.
3.5  GLOBAL IGNORANCE
fig 3.5.1 structural global ignorance diagram
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fig 3.5.2 topological global ignorance diagram
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fig 2.3.1 NAMOC surface model fig 2.3.2 NAMOC algorithmic strand model
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Strange feedback is a non-linear and inconsistent strategy of negotiation between 
generative and direct design procedures. This strategy is premised on feedback 
between algorithmic procedures and direct digital surface modelling, an attempt 
to maximise and hybridise the potential of each mode of design. The output of the 
algorithmic process becomes the input to a direct modelling process, where it is 
edited, manipulated, and returned to the volatile space of algorithmic formation.
The constant, but non-systemic, feedback produces a correlation between 
generative and direct procedures, creating new characteristics from which a 
synthetic or unified architectural vocabulary emerges. While the algorithmic 
procedures are capable of generating highly emergent outcomes, the inability 
of multi-agent systems to sufficiently comprehend macro-scale issues such as 
topology or enclosure1 is mediated by the designer’s explicit modelling. This 
interaction is both a shortcut for intuition and a mechanism for direct, subjective 
and non-systemic decisions. 
Strange feedback is essentially the interaction of top-down and bottom-up 
design decisions. The early work of Kokkugia was almost exclusively focused 
on the development of bottom-up generative algorithms and their application 
to architecture. As these processes were applied to increasingly sophisticated 
architectural problems, it became apparent that, for many design tasks, 
generative strategies are inappropriate, or at least inefficient. 1.  These limitations are discussed further in 3.5, 
Global Ignorance.
2.3 STRANGE FEEDBACK
THE FEEDBACK BETWEEN DIRECT AND GENERATIVE DESIGN OPERATIONS
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The Taipei Performing Arts Centre2 was the first Kokkugia project that consciously 
explored the relationship between bottom-up multi-agent procedures and top-
down modelling decisions. This process began with an explicit model of the 
arts centre roof as a surface with an embedded web-like network topology. 
The network was given a gradient of flexibility to move and to re-form its 
topology. This variation was based on which parts of the roof needed to be more 
constrained and which had more physical space and programmatic opportunity 
to self-organise. Within this gradient of flexibility, a volatile multi-agent algorithm 
generated an emergent network topology. The relationship between the 
generative and direct modelling was entirely sequential: an explicit condition was 
modelled that subsequently re-formed algorithmically.
The Yeosu Pavilion proposal3 for the 2012 World Expo in South Korea – a 
collaboration with Tom Wiscombe – advanced this relationship between top-
down and bottom-up processes, placing them in a feedback loop. The project 
went through a constant process of feedback: between multi-agent algorithms 
that created a network of strands, and direct surface modelling operations. The 
overall form was directly modelled as a series of ellipsoids, with the webbing 
between these and the articulation of the form being designed through a process 
of strange feedback. The character and pattern of the veins emerged from the 
behavior of the algorithm, while their development into pleats and their relationship 
to surface was explored through direct modelling. The non-systemic feedback 
between these two design approaches generated a unique and non-indexical 
formal vocabulary4.
The global ignorance of multi-agent algorithms denies the agent an understanding 
of the overall topology of which it is a part.5 Given that many key architectural 
concerns are topological (such as enclosure, spatial division and structure), 
strange feedback provides space for intuitive decisions about these topological 
concerns to enter into a negotiation with the algorithm’s capacity for emergence. 
The proposal for the National Art Museum of China6 was designed through the 
strange feedback of an expressive swarm algorithm and direct surface modelling 
to generate a synthetic relationship between form and articulation. As emergent 
surface topology is a particularly difficult problem with multi-agent systems, the 
design of the form and enclosure for this project was developed through an 
2.  Key Projects, 4.5.
3.  Key Projects, 4.6.
4.  A process that Tom Wiscombe refers to as 
‘messy computation’.
5.  Manifold swarms is a technique developed in 
this research that overcomes this problem to some 
degree through behaviors that generate manifold 
local topologies; see 2.6, Manifold Swarms.
6.  Key Projects, 4.7.
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interaction of the expressive formal capacity of the algorithm and intuitive top-
down topological decisions. 
While explicit modelling is an effective top-down method of operating intuitively on 
surface topology, it opens the possibility of a distinct division between emergent 
articulation and explicit form. The least successful Kokkugia projects are those in 
which emergent articulation is applied to explicit form, where there is little or no 
feedback between the two. This is perhaps most evident in the airBaltic project7, 
where the surface topology and the generative articulation have little in common 
and the project fails to create a synthetic relationship between its parts, or claim 
a position of a negotiated complex whole. The National Art Museum of China, 
however, successfully brings form and articulation into a negotiated unity, where 
they are evidently part of a singular process of formation.
This thesis is clearly concerned with design methodology; however, it is 
underpinned by the belief that any building must ultimately stand on its own 
qualities without the scaffolding of process. Algorithmic architecture is often a 
culprit in claiming validity through the value of its process rather than the value of 
its outcomes. Strange feedback is an attempt to counter this tendency and the 
dogma of algorithmic purity. Instead, algorithmic techniques are considered as 
simply that – techniques. Algorithms need to be manipulated until they break, then 
re-designed and broken again in a continuous loop. They are not essentialist or 
pure, but simply one of the many tools of the architect.
The indexical nature of found algorithms is discussed at length in 1.3, Volatility. 
However, it is worth pointing out at this juncture that strange feedback plays an 
important role in resisting indexicality and cliché. Typically, linear algorithms are the 
most evidently indexical and recognisable, as their selection becomes the defining 
aspect of the project rather than their manipulation. As multi-agent algorithms are 
non-linear and highly emergent, this concern is somewhat mitigated; however, 
the output or mapping of these algorithms can still lapse into indexical clichés.8 
It is from the impurity of this type of feedback, the interaction of intuitive design 
decisions and the logic of systemic algorithms, that something strange or 
potentially unique can emerge.7.  See Catalogue of Projects (Riga Airport).
8.  The simplistic application of multi-agent 
algorithms is discussed in greater depth in 1.3, 
Volatility.
fig 2.3.3 Yeosu Pavilion surface chunk
fig 2.3.4 Yeosu Pavilion algorithmic strand model
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4.6 YEOSU PAVILION
YEOSU EXPO  |  SOUTH KOREA  |  2009
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The Yeosu Pavilion was designed for the 2012 World Expo held in South Korea. 
This thematic pavilion responds to the Expo theme of the ocean as a living 
organism and the co-existence of human culture. The pavilion is creature-like; 
while we were not attempting to extract biomimetic processes or biological 
conditions from nature, too many of our discussions in the studio revolved around 
designing strange sea monsters to claim it has no relationship to the biological.
The project was designed in collaboration with Tom Wiscombe, and was defined 
as much by the negotiation of our differing design methodologies as by our many 
shared sensibilities. It was through the design of this project that the process 
of strange feedback1 became clearly articulated – a reflection of the negotiation 
of our differing design approaches. We designed at least three entirely different 
versions over a nine-month period before a coherent vocabulary had emerged 
from the relationship of direct and generative design decisions.
The project was designed as a series of soft membrane bubbles that were joined 
and wrapped together by a rigid monocoque2 shell. The explicit design of the 
egg-shaped bubbles remained relatively unchanged throughout the process; 
by contrast, our design of the shell connecting these bubbles was volatile 
and subject to a strange feedback of explicit and generative procedures. We 
undertook this project shortly after the Taipei Performing Arts Centre3, and Yeosu 
is, in part, a critique of Taipei’s sequential process, where the explicit surface re-
formed algorithmically but without any iterative feedback. The algorithmic aspect 
1.  Tom Wiscombe coined the term ‘messy 
computation’ to refer to a similar process of 
feedback between intuition and computation.
2.  See Glossary of Terms.
3.  Key Projects, 4.5.
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of Yeosu is that of articulation and character rather than the generation of the 
primary spaces or overall form. 
It was not until the project for the National Art Museum of China (which we 
designed the following year) that we used a multi-agent process as a primary form 
generator. In both the Yeosu and Taipei projects, the remnants of our unchanging 
explicit decisions are evident, although the strange feedback approach developed 
for Yeosu produced a new vocabulary for the project, rather than a reorganisation 
of a predefined starting condition as in the Taipei Performing Arts Centre.
A polyscalar network of strands articulates the basic form of the pavilion, 
expressed as pleats in the surface, and armatures that extend from the 
surface. These take on architectonic roles that are blurred and multiple, which 
we deployed in the service of formal and spatial manipulation, structure and 
ornament. There is a gradient of scales of strands, so they are not easily assigned 
to any one of the architectonic categories. The large strands tie together the 
soft membrane bubbles; as these reduce in scale, the strands create primary 
structural members, and at the smallest scale act to micro-stiffen the ETFE 
membranes4. The larger scale pleats and armatures have structural members 
embedded within the fibre-composite surface, while smaller pleats provide 
stiffening and directional strength to the surface.5 
The ETFE transparent membranes are pressurised with air at two scales. The 
entire pavilion is pressurised to give some global structure to the soft membranes, 
4.  See Glossary of Terms.
5.  The structural system was developed in 
conjunction with Matt Melnyk from Buro Happold.
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and a detailed network of high-pressure air strands or conduits wrap over the 
membrane to stiffen the surface locally. 
We designed the project to be fabricated offsite from composite fibre and 
floated to its permanent location in Yeosu at the harbour edge. The construction 
technique is appropriated primarily from the boat-building and aeronautical 
industries, where it is used in constructing hulls and fuselages.
The colouration we developed for the project reinforces varying intensities within 
the geometry. As structural pleats and armatures reduce in scale, they shift from 
purple through to bright yellow. This is not an indexical condition, however. The 
colouration, like the changing operation of the strands, is not entirely systematic; 
our intention was that they should exhibit tendencies – commonalities that have 
emerged from the strange feedback of its design process.
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4.7 NATIONAL ART MUSEUM OF CHINA
BEIJING, CHINA  |  2011
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The impetus for the glass cloud of the National Art Museum of China (NAMOC) 
was an attempt to design a diffuse or formless form. The project was a shortlisted 
competition entry for a museum on the former Beijing Olympic site, which is 
defined by a field of monumental objects including the Birds Nest stadium and 
the Water Cube. Rather than designing another object, we looked at the formless 
quality of clouds – which became a procedural influence as well as a metaphor. 
Regardless of how formless a form is, at the scale of the world’s largest museum 
elevated above the ground, its form is hard to diffuse. So our preoccupation 
shifted from the cloud as a diffuse object to the cloud as a process. This is the 
first project where we developed a multi-agent algorithm intended to generate a 
figural or gestural form. We re-wrote a swarm algorithm to mimic fluid dynamics 
and generate turbulent and laminar organisations. This was used in the design of 
the turbulent, cloud-like form that nestles into the landscape. We were attempting 
to create the cloud and its landscape from a single algorithm, to inextricably tie 
the two parts of the project into a unified relationship. The cloud houses 40 per 
cent of the building program, while the remaining program is contained within the 
podium landscape. 
This project was designed shortly after what I consider to be our least successful 
project, the airBaltic terminal in Riga. The problems with the airBaltic project 
arose from our application of generative articulation to an explicit form, which 
prevented us from creating an effective synthetic relationship between the two. 
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To avoid this on NAMOC, we further explored the strategy of strange feedback 
(which we had first developed on the Yeosu Pavilion) to negotiate between the 
algorithm and explicit surface modelling techniques. The intention was to bring 
into correlation, or develop a synthetic relationship between, the structure, 
articulation and form of the cloud. This raises the question of where to start: 
with the algorithm or with explicit modelling? Our answer was both at once. We 
ran two schemes for a week or so early in the project: one that started with the 
volatile turbulent algorithm, and the other focused on modelling cloud-like forms. 
Neither strategy won out; instead they both converged, with each informing the 
other. This feedback continued throughout our design process as the output from 
one technique became the input to the other: a messy process of feedback that 
slowly created a correlation of form and articulation.
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The result is a surface that appears thick – as a volume or mass of turbulence 
– rather than a thin membrane. This implied mass is partly the result of the 
correlation of surface articulation and form. We used the same algorithm in the 
generation of the form and distribution of the shingles, enabling the articulation 
and form to be created simultaneously as an inseparable whole. The shingles 
are identical, but their fixing allows a variable overlap and rotation to achieve the 
fluid quality of the cloud. This glass cloud successfully blurs the reading of the 
suspended masses within.
The substructure of the cloud, generated through the same turbulent algorithm, 
delaminates from the façade to connect with the inhabitable concrete beams. 
The beams house the main gallery spaces and are stacked to create the primary 
structure of the building, which supports the cloud façade. The space between 
the beams and the cloud is devoted to circulation and informal exhibition areas, 
mainly for large sculptural pieces. The delamination of the substructure operates 
in a sculptural and spatial role as it thickens to envelop the beams. This structure 
was designed to be deliberately expressive, to reinforce the turbulent character of 
the cloud and produce ornamental qualities. 
cloud structure diagram
explicit form study
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4.8 KAZAKHSTAN SYMBOL
ASTANA, KAZAKHSTAN | 2013
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The Kazakhstan Symbol is a turbulent ornamental form, designed through the 
negotiation of emergent processes and architectural modelling. We developed 
the project for an invited competition to design a national symbol for Kazakhstan, 
to be built for the Astana 2017 World Expo. The themes of the Expo revolve 
around the depletion of fossil fuels and the impending new energy paradigm. Our 
response was to symbolise, manipulate and display a natural energy source – 
wind. 
 
Our intention was to create a cloud-like object that appears to be formed by 
the turbulent forces of the wind. This symbol needed to channel and manipulate 
the wind while registering, and making visible, eddies and currents from which 
it generates energy. We drew on several aspects of the National Art Museum 
of China project1 in designing this symbol. Both projects leverage the capacity 
of multi-agent algorithms to create turbulent behavior resembling the flow of 
liquid or gas, as opposed to a swarm. We used this emergent algorithm as a 
formal generator, negotiating in a strange feedback with direct surface modelling 
techniques. We worked back and forth between modelling cloud-like forms and 
generating articulation that was somewhere between ornamental patterns and the 
patterns of turbulent fluids. We were attempting to create a reading of form that is 
suspended between the forces of natural systems and the imposition of artificial 
form – it was important to us that the project avoided becoming simply a natural 
metaphor. 1.  Key Projects, 4.7.
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The design of the National Art Museum of China produced a close relationship in 
scale and organisation between form and articulation, creating a unified singular 
object. It was from this observation that we designed a greater discrepancy, 
particularly in scale, between form and articulation in the Kazakhstan Symbol to 
enable a more expressive or ornamental pattern to populate the form. 
The project extends the messy, fibrous aesthetics that we were developing in the 
Fibrous House2 through a field of fur or hair. This is emblematic of the shift in our 
work away from the purity of surface toward a messier articulation. Each of these 
hairs is a piezoelectric3 generating rod that creates an electrical current when it 
bends with the wind. The golden rods index the natural force of the wind as they 
sway and simultaneously generate energy. At night, LEDs at the tips of the rods 
index the strength of the wind through colour, creating a gradient analogous to the 
force diagrams of computational fluid dynamic analysis.
The initial pattern of hair defining the surface of the symbol is not neutral; it has 
an inbuilt bias that we designed as an emergent ornamental pattern of initial hair 
vectors. Consequently, the pattern of hair at any one time represents a negotiation 
between this designed base condition and the influence of the wind. The surface 
geometry of the symbol affects this negotiation by influencing the flow of wind 
and the pattern it generates, creating a dynamic relationship between form and 
articulation. The form of the symbol is driven by our formal interests and the effect 
it has on disrupting the flow of wind and the patterns of hair that this generates. 
Consequently, the generation of the form, the design of the pattern of hairs, and 
the flow of air over these are caught in a feedback loop – a negotiation that is less 
about optimising performance and more about creating a compelling relationship 
between form, pattern and wind.
The reflective gold colouring of the symbol is a somewhat tongue-in-cheek 
reference to the abundance of oversized gold monuments built from the new 
wealth of an oil-rich nation. Our golden symbol, however, is not a Platonic solid 
like its neighbours, but an emergent formation of vectors – a renewable energy 
field.2.  Key Projects, 4.3.3.  See Glossary of Terms.
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As with many of the projects in this thesis, we attempted to synthesise form, 
structure and ornament to produce a synthetic whole. Unlike the Fibrous Towers4 
through which we attempted to negotiate architectural roles within a single body 
of material, this project has relatively few architectural requirements – its synthesis 
creates a building as ornament. However, as opposed to the highly ornamental 
memorial for Babiy Yar5, this project is not a pure expression of the emergent 
qualities of an algorithm. Instead, it synthesises ornament and form. The self-
similar nature of the form and patterns of structure and hair are intended to render 
the Kazakhstan Symbol as a cohesive ornamental expression.4.  Key Projects, 4.1 and 4.2.
5.  Key Projects, 4.10.
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fig 2.4.1 airBaltic agency of structure diagram
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The agency of structure is a generative design strategy that encodes structural 
heuristics as behaviors within an agent.1 In addition to including structural 
feedback into Behavioral Formation, this strategy has been developed as a test 
case for encoding responses to global quantifiable evaluation and as a tactic 
for mitigating the global ignorance2 of multi-agent algorithms. It is a process of 
feedback between the local interactions of multi-agent algorithms and the global 
evaluation of structural analysis. 
Multi-agent algorithms privilege local interactions over global communication 
in order to establish a non-linear system capable of generating emergent 
phenomena: a characteristic that can be described as global ignorance. This local 
operation of agents is inherently problematic when designing structure. Structure 
cannot be understood purely from local analysis, as it is a global condition (albeit 
with local implications) that needs to be analysed in its entirety to understand the 
flow of load. The global logic of structural analysis is seemingly at odds with the 
local interaction of multi-agent systems.
The behavioral structural strategy posited here operates by iteratively testing 
agent-based geometry, such as a network of members or bundle of strands, 
using a finite element structural method. Finite element methods analyse the entire 
structural topology, and return information pertaining to each individual node or 
agent. The agent adapts its behavior in response to this information based on 
heuristic structural rules designed to resist load. Through this strategy, agents 
1.  This process was originally conceived in 2010 
for the airBaltic Kokkugia project and developed 
in conjunction with the Los Angeles office of Buro 
Happold.
2.  This is discussed in more detail in 3.5, Global 
Ignorance.
2.4 AGENCY OF STRUCTURE
THE FEEDBACK OF GLOBAL ANALYSIS TO LOCAL AGENTS
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respond to the local implication of global conditions and, in doing so, re-form the 
global conditions, setting up a continuous feedback loop.
This approach is not premised upon structural performance generating form; 
instead, the behavior of generative design agents is conditioned by structural 
information as an input to one of their many behaviors. This is an important 
conceptual difference from the contemporary fascination with the generative 
capacity of structural analysis and evolutionary optimisation.3
The methodology can be described through a strand model. In the case of 
excessive deflection, for example, the strands separate vertically to generate 
greater structural depth, create more strands to dissipate load, and bundle to 
generate greater structural rigidity. These operations integrate structure as one of 
the agents’ many competing design behaviors. This integrated approach enables 
a highly volatile design process to resolve structural forces without imposing a 
predetermined structural schema or structurally post-rationalising architectural 
form. 
This strategy for embedding structural logic within behavioral systems is 
conceptually different from several recent attempts within architecture to develop 
a relationship between swarm systems and structural analysis. One such 
approach has been to generate geometry from swarm systems, which are then 
extracted as a frozen moment in time and structurally analysed and optimised. 
This does not imbue the agents with any structural agency; it merely establishes a 
sequential hierarchy, post-optimising a formation that was generated without any 
structural behavior.4 Another approach, developed by Paul Nicholas, establishes a 
reflexive relationship between a swarm of agents and a surface, where the agents 
navigate the surface in response to structural necessity in order to reinforce 
it through variable composite materials. In this iterative process, a surface is 
structurally analysed, and operates as an attractor for agents that respond to its 
local structural capacity and alter the surface.5 This differs from the agency of 
structure, as the agents in Nicholas’s model are not embedded within architectural 
geometry that responds to multiple design criteria, but instead the agents 
reinforce the structure of the architectural geometry. 
3.  This contemporary concern for the generative 
capacity of structural analysis and evolutionary 
optimisation is evident in publications such as The 
New Structuralism (Oxman 2010), and Performance 
Oriented Architecture (Hensel 2013).
4.  This process was demonstrated by Josh Taron, 
in a lecture at the Architectural Association, London, 
in February 2012, http://www.aaschool.ac.uk/
VIDEO/lecture.php?ID=1811 (accessed 10 January, 
2014).
5.  See Nicholas (2011)
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The implications of the feedback between global analysis and local procedure 
extend to other concerns of building science, such as environmental analysis. 
Indeed, this logic is applicable to any quantifiable system of global analysis that 
can assign a value to its individual nodes. Although Kokkugia is yet to test the 
effectiveness of encoding environmental behaviors into the Behavioral Formation 
algorithms, this is clearly an area that this research could encompass. The logic 
posited here would enable heuristics to be encoded that are based on day 
lighting, solar radiation, wind simulation or thermal performance. 
Although issues of building science are, of course, necessary in realising buildings, 
they are never the motivation for these projects. However, integrating building 
science into the volatile generative process avoids any manipulation or post-
rationalisation of projects that would be necessary to conform to issues of building 
science. The conceptual importance of this strategy is the capacity of Behavioral 
Formation to negotiate a plethora of design influences or behaviors, including 
structural necessity, without establishing a hierarchy of processes. What is being 
argued here is that issues of building science condition, rather than drive, design. 
fig 2.4.2 agency of structure studies
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fig 2.5.1 Aalto University, skylight study
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AgentBodies is a strategy for designing intricate tectonics. It is a hierarchical 
approach to structuring agency within geometry, and is capable of generating 
complex ornamental and structural formations. 
Many of the projects and strategies presented in this thesis operate by 
embedding the agent within simple geometry such as a point or spline. A more 
complex manifestation of agency within geometry is to encode, or nest, an 
additional level of agency within the body of the agent. This conceptualisation 
of the agent draws on the logic of ant bridges, where it is the interconnected 
geometry of the ants’ bodies that forms architectural or structural matter. The 
strand is a hierarchical structure, where the agent is embedded as a vertex or 
control point within the strand. AgentBodies have an additional level of hierarchy: 
they are composed of several small interwoven strands that form a skeleton. The 
design of this skeleton provides an additional location of design intention within 
the highly volatile processes of Behavioral Formation.
This strategy distributes agency along the length of the interwoven strands of the 
skeleton. Consequently, every control point in the skeleton operates with a degree 
of autonomy, rather than being hierarchically linked or guided by the tip of the 
strand (such as the logic of inverse kinematics). This distributed agency creates 
considerable organisational and geometric differentiation at both the level of the 
body and the interaction between bodies. The interaction of the self-organising 
body with the self-organising swarm of bodies creates constantly varying 
2.5 AGENT BODIES
ENCODING BEHAVIOR INTO THE SKELETON OF THE AGENT
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geometries at the local scale: strange families of forms mutate and shift in and out 
of recognisable repetition. 
The skeleton creates an internal organisational logic for the body, and enables 
its skin to have a fluid surface topology.1 These bodies can be designed to have 
either topologically fixed or free skeletons. However, the interaction of adjacent 
bodies creates emergent topologies through the interconnection of the skeletons. 
AgentBodies are inherently architectonic. Their logic of connection leads to highly 
intricate assemblages that have been leveraged in Kokkugia’s projects for their 
ornamental and structural potential. The relatively constant underlying morphology 
of the skeletons provides sufficient repetition within a field of bodies to create 
recognisable patterns and ornamental effects. The first application of this strategy 
was in the research project Swarm Matter2, where agentBodies were used to 
design ornamental geometry.
The interconnection of agentBodies forms complex structural networks that 
operate through redundancy and create non-linear load paths. Networks of 
agentBodies can shift between operating structurally as spaceframes, shells or 
membranes. The structural nature of a system is dependent on the highly volatile 
and emergent network of bodies. One characteristic that is consistent is the 
continuity of interconnectivity. The design of the Composite Swarm installation3 
exploits this continuity in stiffening a composite fibre structural surface. The 
project is fabricated from flexible polyurethane foam agentBodies within a glass-
fibre composite surface. The 0.85mm thick composite surface is relatively weak 
and flexible in isolation; however, the embedded agentBodies give the surface 
sufficient rigidity to be self-supporting up to a height of 2.5m. The foam bodies 
create a continuous interconnected network of ridges and structural depth that 
generates the necessary stiffness within the skin. This project generates its 
structural strength through a composite of geometries rather than simply through 
a composite of materials.
In addition to controlling the topological change of a body, material properties 
can be encoded within the skeleton of the body. While a number of Kokkugia’s 
projects that use agentBody strategies create fields of unique instances of the 
body’s topology, the Composite Swarm installation adopted the constraint of three 
1.  Typically in Kokkugia projects, this skin is created 
with an isosurfacing algorithm, which easily enables 
changes in topology.
2.  Key Projects, 4.9.
3.  Key Projects, 4.13.
fig 2.5.2 Aalto University, skylight plan
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geometries of cast flexible bodies. This constrained the agents to fixed topology 
and a limited range of geometric transformation; while the foam bodies are 
extremely flexible, their elastic deformation, or stretch, is relatively limited. These 
characteristics were encoded within the digital bodies to enable the algorithmic 
behavior to operate within the realm of the physical constraints. In this process, 
the material behavior is not the driver of the emergent order, although it conditions 
what is possible. 
The intricate skeletons of agentBodies have a tendency to create woven, knitted 
or lace-like formations. These intricate assemblages are capable of catastrophic 
shifts from one condition to another, within a continuous whole. These shifts 
are not simply a change in degree, as is the case with parametric variation4, but 
an emergent change in the characteristics of the assemblage. The agentBody 
studies for the Aalto University project5 demonstrate a shift from a knitted to 
woven character. The individual bodies pass in and out of legibility, expressing 
moments of periodicity that reveal the individual bodies before blending back 
into continuous interwoven strands. The legibility of the individual body is highly 
dependent on the surfacing of its skeleton. The Aalto University project is 
isosurfaced as a continuous field, which blurs the individual body into a geometric 
continuous whole, while the bodies of the Composite Swarm installation are cast 
as discrete elements that are woven together. 
This design strategy inextricably links the agent and the body, creating a strong 
relationship between macro-scale behavior of the agents and micro-scale 
articulation of their networked bodies. The body forms the tectonics of the project, 
while its host agent is able to engage in the larger scale processes of formation 
such as generating form or spatial topology. The Composite Swarm project 
employs the manifold swarm strategy to generate surface topology, while the 
agentBodies generate the articulation. This combination of generative approaches 
has the potential to create a synthetic relationship between form, structure, 
articulation and ornament – an ambition central to this thesis.
The linear and subservient hierarchy between a body and its agent is 
uncharacteristic of Behavioral Formation, which is inherently non-linear. This 
anomaly is due to prioritising the legibility of emergent order. If articulation and 
4.  Gradient transitions that are controlled by 
attractor geometry are emblematic of the linear 
variation that is so often created in parametric 
design.
5.  See Catalogue of Projects.
fig 2.5.3 Aalto University woven, composite study
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fig 2.5.4 Composite Swarm, agentBody diagram
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form establish a feedback of mutual influence, the system becomes highly 
chaotic; and, while elsewhere an argument is posited in this thesis for volatility, 
the risk in this case is the erosion of the legibility of the emergent order of the 
individual systems. This raises an interesting question regarding the relative 
importance of the legibility of complex order, and the level of actual complexity 
generated through a process of self-organisation.
 
fig 2.5.5 Composite Swarm, agentBody interaction diagram
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fig 2.5.6 Aalto University, woven composite studies
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4.9 SWARM MATTER
RESEARCH PROJECT  |  2009
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Swarm Matter evolved from our design for the Museum of Polish History 
competition1 in 2009. We developed the agentBodies strategy in an attempt to 
design the form of the museum (which was not entirely successful), although 
the strategy did exhibit strange and interesting ornamental characteristics. 
Consequently, we teased out these characteristics to develop this ornamental 
study. Swarm Matter has subsequently had considerable influence on the 
ornamental aspirations of our work, with a discernible increase in the integration 
of ornament within our projects since then. 
We developed the agentBodies strategy partly as a critique of the embedded 
hierarchies of parametric component assemblies, which were particularly rampant 
in architecture at the time. Rather than consider components as subservient to 
an a priori ordering device such as a surface2, we designed the interaction of 
the agentBodies to create a self-organised distribution of these components. 
An original ambition of the project was to blur the distinction between line, 
component and surface.
Swarm Matter exhibits emergent order at several scales. At the macro-scale, 
a figure emerges from a field of bodies; at the micro-scale, strange and unique 
characteristics arise from the local interaction of bodies. The emergent macro 
figure is largely the result of the interaction of the base agents (which the 
bodies are assigned), while the local conditions are created by the interaction 
of the bodies’ strands. The bodies are not defined skeletons: they have a non-
1.  See Catalogue of Projects.
2.  The population of surfaces with components 
initially became a dominant trait of parametric 
modeling with the release of Generative 
Components and Grasshopper.
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hierarchical structure, and consequently the entire topology of the skinned body 
can radically re-form. This dissolves the recognition of the individual body in favour 
of the emergent order of the field.
The local orders that emerge are based on periodic repetition, emergent 
symmetries or unique expressions. Bodies that are arrayed in a linear arrangement 
and experience a similar set of local conditions will create periodic order. 
Symmetries are not encoded into the logic of this system, nor is there symmetry 
within the geometry of the body, although symmetries do emerge, dependent 
on highly specific interaction of two or more bodies. While these symmetries are 
uncommon, their immediate recognition renders them an important property of 
the system. Unique expressions are conditions that emerge from the field and 
have a specificity that renders them as autonomous objects rather than a part 
of the field condition. There are several instances of formations that resemble a 
butterfly wing, which typify these unique expressions. These expressions are not 
generated from a single component, but from the interaction of several.
Swarm Matter is the most explicitly ornamental of our research projects and 
a highly ornate example of the agentBodies logic. This is largely due to the 
characteristic of curvature, the near-repetition of recognisable elements, the 
intricate interwoven topologies and the relaxed nature of the surfacing. The 
ornamental qualities are emergent effects, although they are strongly dependent 
on the explicit design of the body’s geometry and behavior. Ornate qualities are 
not, however, intrinsic to agentBodies: the woven bodies of our Aalto3 project 
reads as a fabric, while Swarm Matter has a rococo quality to its emergent 
figuration.
3.  See Catalogue of Projects.
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4.10 BABIY YAR MEMORIAL
KIEV, UKRAINE | 2010
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The concept for the Babiy Yar Memorial is for an immersive space of 
remembrance. The project was in response to a competition for a holocaust 
memorial and museum at Babiy Yar in Kiev. Our intention was to contrast a 
highly intricate bronze memorial space within a monolithic stone museum. We 
intentionally eschewed normative architectural articulation and scale, so that the 
project is read as an abstract object rather than a conventional building.
In contrast to many Kokkugia projects in which we attempt to dissolve hierarchies 
and dichotomies in favour of the negotiation of a synthetic whole, in this project 
we consciously set up a series of contradictions and juxtapositions. Top-down 
design intention and emergent bottom-up processes are demonstrated in 
their most isolated, and perhaps pure, forms in this project. We modelled the 
monolithic form of the museum directly, while the bronze memorial space was 
created through a highly emergent algorithm that operated largely in isolation 
from architectural concerns. The stone monolith exterior and the interior bronze 
memorial space provide a context for each other, rather than mutually interacting 
to create a synthesis.
Instead of negotiating between structure, ornament or enclosure in the design 
of the memorial space, we orchestrated a purer expression of the emergent 
qualities of the algorithmic process. The projects in this thesis are generally 
attempts at encoding these architectural roles within the algorithm; however, as 
the memorial space was largely free of architectural constraints, we focused our 
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design intention on generating intricate characteristics and exploring their affectual 
capacities.
Rather than designing a bronze object mounted on a stone base, we turned the 
monument concept inside out, creating an inverted monument. We designed the 
memorial space in cast bronze, rich in intricate detail, intended to produce an 
intense experience and to evoke a visceral response. While we did not intend it to 
be referential, the complex articulation of the bronze surface has been interpreted 
variously as flames or melting bodies. We generated the space and its articulation 
through a self-scaling agentBodies strategy, with the uniform surfacing blending 
the scales into a complex whole.
We sought a deliberate tension or conflict between various aspects of this 
project. The emergent field condition of the landscape is juxtaposed with the 
explicit object of the museum. The undifferentiated surface of the monolith is 
contrasted with the highly articulated bronze memorial space. This monolithic 
form of the museum is rendered as solid stone; however, it touches the ground 
lightly and is cantilevered as if suspended. Instead of subdividing the surface of 
the monolithic form to create the panel divisions, we intersected the form with a 
three-dimensional fractal grid to reinforce the reading of the form as a mass rather 
than surface. This grid was a ready-made geometry left over from the podium of 
the Taipei Performing Arts Centre1. The intersection of this grid with the irregular 
form of the museum etched a strange but ordered pattern of volumes, rather than 
two-dimensional shapes, in the façade.
In opposition to the intricate memorial space, we designed the exhibition spaces 
to be deliberately calm and reflective. The glow of the opaque glass ceilings 
renders the spaces flat and uniform. The one disturbance to this interior space 
is the cast concrete wall of the memorial, which we planned as an ominous 
presence, alluding to the memorial space without articulating it.
The landscape is a field of varying intensities to be traversed by the visitor: a 
meandering path, rather than a clear direction. The design of the landscape is a 
negotiation between a field that we drew directly and a multi-agent algorithm that 
navigates and responds to this field of influence. A figural quality emerged from 
this interaction of direct, top-down intention and the emergent operation of the 
algorithm.
1.  Key projects, 4.5.
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4.11 MALIBU HOUSE
MALIBU, CALIFORNIA, USA  |  2011-2013
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The project is a negotiation and balance between geological, organic, monolithic 
and fibrous characteristics. This single-family house sits on an unusually 
constrained site in the hills of Malibu, overlooking the Pacific Ocean. The client 
acquired the block of land specifically because it had planning approval, which is 
notoriously difficult to get in Malibu. The existing planning permit – for a Spanish 
mission style villa – became the precise building envelope that our design had 
to fit within. Given this constraint, we designed though a predominantly direct 
modelling approach, contorting the design to fit within the unusual form of the 
envelope. 
This project extends our exploration of monolithic geometry that began with the 
Babiy Yar Memorial. Our ambition for both projects was to undermine normative 
readings of architectural scale and form. The geometry of the Malibu House is 
relatively simple in comparison with our other projects; however, we articulated 
and detailed the house to resist the perception of discrete elements such as roof, 
wall and fenestration. The concrete panels and windows that enclose the upper 
level volume are therefore detailed to reinforce the reading of a monolithic volume 
rather than a panelled surface. We deliberately drew on geological forms as an 
attempt to slow the onset of architectural articulation.
Due mainly to constraints of site and budget, we limited the complexity of the 
project to the interaction between generative and direct modelling operations on 
the underside of the monolithic form, which defines the lower living areas. We 
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conceptualised this surface as a negotiation between ceiling, column, stair and 
chimney. An intricate and expressive network of exposed steel reinforcement was 
designed to articulate a flow of veins across the surface. Our design process drew 
on the logic of strange feedback, to bring the highly generative, volatile fibrous 
veins into a synthetic correlation with the surface modulation of the concrete slab. 
The veins are at once structural (the tensile element of the slab) and ornamental. 
This surface was designed to articulate the space and program of the lower level. 
The house does not have the exuberant excess of many of our projects; instead, 
we were experimenting with how fibrous assemblages could be integrated 
through a more restrained approach.
Although the emergent strategies are confined to one aspect of the project (as 
was the case with Babiy Yar), the important difference between these projects is 
the relationship of the explicit and generative approaches. In Babiy Yar, the two 
approaches coexist but remain in their pure states without interacting. However, in 
designing the Malibu ceiling through a strange feedback approach, our ambition 
was to integrate this complex component into the larger, explicitly modelled 
project.
We designed the house to be built using mostly standard construction 
techniques, although we have since been experimenting with robotic techniques 
to fabricate the highly articulated aspects of this project. The timber panelling of 
the kitchen will be robotically milled from plywood, creating a pattern by exposing 
the layers of ply through an emergent multi-agent algorithm. Casting concrete into 
moulds that are robotically milled from EPS foam will form the intricate geometry 
of the ceiling. 
robotically milled timber panelling 
agent-strand branching diagram
timber panelling turbulent agent pattern
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fig 2.6.1 manifold swarms behavior diagrams
fig 2.6.2 New Taipei Museum, section
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Manifold swarms is a multi-agent strategy for the generation of emergent surface 
topology. The multi-agent algorithms developed throughout Kokkugia’s research 
have been based predominantly on the logic of vectors. The agent’s location, 
direction and relationship to a population of agents, or its environment, are 
described through Cartesian space and vector coordinates. This algorithmic logic 
is drawn from Craig Reynolds’s boids algorithm1, which simulates the collective 
motion of schools of fish or flocks of birds; it has an inherent bias towards 
forming point-clouds rather than surfaces. Multi-agent algorithms’ predisposition 
for clouds, allied with the limitation of global ignorance, resists the formation of 
surface.2 
This bias or apparent limitation has the tendency to push multi-agent design 
processes to operate at the extremes of scale (that of urbanism and ornament): 
situations in which the agents are constrained to a known surface such as a 
landscape or façade. The instances in which multi-agent algorithms are applied to 
the generation of form are typically through the creation of point-clouds or strands 
which get wrapped in surface as a secondary procedure.3 As these agents have 
no capacity to analyse the surface they are forming, and little (if any) design intent 
relating to surface, the generation of topology is limited to the wrapping of a 
volume rather than the emergence of a manifold surface. Volume and surface are 
very different ways of conceptualising space and form. Working exclusively with 
volume and its surface wrapping4 limits the feedback across the scales of form 
and articulation, as surface is extracted from the system rather than being an 
active participant within the design process.
1.  Reynolds 1987. 
2.  The inability of an agent to be aware of the 
topology that it is generating is discussed in greater 
detail in 3.5, Global Ignorance. 
3.  As this field of multi-agent algorithmic 
architectural design is relatively young, stating 
that something is ‘typical’ generally refers to 
observations I have made when examining the 
experiments of my students, and from a small but 
growing number of architects who are adopting 
swarm algorithms.
4.  Typically, this wrapping involves an isosurfacing 
algorithm or similar mesh reconstruction tool.
2.6 MANIFOLD SWARMS
HOW TO MAKE SURFACES FROM CLOUDS
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In attempting to overcome this resistance to surface and the topological 
ignorance of swarm systems, the manifold swarms strategy was developed 
for the generation of manifold topological surfaces. This strategy is based on 
encoding an orientation coordinate system into the agent, which is divorced from 
the agent’s description of its location, velocity and acceleration. This orientation 
vector system enables a population of agents to communicate and align their 
orientation coordinates to self-organise as a surface of best fit. Through this self-
organisation of implied surface normals, a manifold surface topology emerges 
from clouds of agents.
This relatively recent strategy has enabled Kokkugia to explore highly generative 
approaches to surface topology and spatial division. In part, this strategy is in 
response to strange feedback, which is the other mode posited in this thesis for 
overcoming resistance to surface. In addition to the design of surface topology, 
both of these strategies are attempts to resist the sequential application of 
algorithmic articulation to explicitly modelled form.5 
The correlation of form and articulation are important to the wider ambitions of 
this thesis to conceptualise architecture as matter that negotiates design intention 
or behaviors, rather than as the assembly of discrete elements.6 While strange 
feedback processes enable this negotiation, the manual nature of the feedback 
limits the number of iterations and any systemic relationship between surface 
and articulation. The automation of this feedback within the manifold swarms 
strategy enables a potentially seamless relationship between the generative 
algorithms that operate at the scale of surface topology and the algorithmic 
articulation of these surfaces. The shortcut to intuition that is so useful to strange 
feedback is also its conservative limitation. The projects developed with a 
process of strange feedback avoid the purity and indexicality of more systemic 
algorithmic approaches, but they carry instead certain formal tropes and biases.7 
The manifold swarms approach to surface topology operates in a highly volatile 
manner, with a capacity to generate unusual formal and spatial conditions far 
removed from the intuitive limitations at play in the process of strange feedback. 
The algorithmic emergence of manifold topology is of particular interest when it 
is allied with agentBodies to create a system in which the agents that form the 
topology also generate the tectonics of that surface. These combined processes 
5.  This linear application is evident in our least 
successful projects and is discussed further in 2.3, 
Strange Feedback.
6.  This is discussed in greater detail in the 
Introduction, and in 1.2, Behavioral Methodologies.
7.  This is discussed in greater depth in the 
Introduction.
fig 2.6.3 + 2.6.4  manifold swarms topology studies
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were developed for the Aalto University8 and Flinders Street Station9 projects as a 
strategy to intrinsically combine spatial division, surface, structure and ornament 
into a unified process of formation – creating an irreducible whole. 
Manifold swarms create surface and spatial topology from behaviors specifically 
designed to generate surfaces and their emergent characteristics, as opposed 
to the sequential operation of surfacing a generative scaffold (such as lines or 
point-clouds). This distinction is important conceptually and from the standpoint 
of surface character. The secondary extraction of surface from a generative 
scaffold, such as a swarm of points or lines, necessarily relies on the geometric 
logic of the secondary extraction algorithm and, as a consequence, expresses 
that algorithm’s formal tendencies. Often in these circumstances, it is the indexical 
formal characteristics of the surface extraction algorithm that dominates the 
emergent characteristics of the formation of the points or lines. Conversely, 
manifold swarms embed spatial and formal design intention within a process that 
generates intricate emergent characteristics.8.  See Catalogue of Projects.
9.  Key Projects, 4.12.
fig 2.6.5 manifold swarms topology studies
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4.12 FLINDERS STREET STATION
MELBOURNE, AUSTRALIA  |  2012
169
The Flinders Street Station project is defined by a complex manifold surface that 
links the city to the river, a negotiation between site, station facilities and public 
space. We designed the project in collaboration with MvS Architects for an ideas 
competition for the site in 2012.
The existing station has always posed a barrier between the city and river. Our 
intention for the project was to link the two and so reactivate the water edge. The 
complex level changes that occur, due to topography, train clearance heights 
and the elevated section of Swanston Street, called for an architectural strategy 
capable of negotiating between all of these. Our manifold surface approach 
achieved this negotiation between the site conditions as well as structural 
necessities, and the introduction of a public and commercial program. 
The manifold surface is defined by a series of explicit and emergent conditions, 
including a ramping surface between the bridge and the water edge, the 
cantilever of the surface to create a canopy on Swanston Street, and the ramping 
up of the plaza surface to meet the southern façade of the existing station building 
– aimed at reactivating the building and opening it on to the new public plaza. 
We designed four towers that were pulled out of the surface to define the public 
space and strategically inject program into the development.
We used the Flinders Street Station project to develop and refine the manifold 
swarms and agentBodies strategies that we had begun to develop during 
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the New Taipei Museum and Aalto University competitions1. These two earlier 
projects had created valuable design research, although the amount of time spent 
in forming these new strategies under competition time constraints inevitably 
affected the success of those projects. Consequently, we viewed the Flinders 
Street Station project as an attempt to instrumentalise this research and more fully 
explore its potential. 
The manifold swarms strategy begins either with a cloud of agents that re-forms 
into a coherent topology, or with a starting surface that we design as a direct input 
into this generative process. For the Flinders Street Station project, we used the 
latter approach to define particular conditions, such as the link to the water and 
the form of the towers. On reflection, this relationship between the starting surface 
and emergent process is not dissimilar to that used in the Taipei Performing Arts 
Centre2. The towers and certain edge conditions were fixed, while the remaining 
surface re-formed through the manifold swarms strategy. This self-organising 
process is most evident in the vortices that draw the roof/plaza surface into a 
more complex surface topology, providing natural light and ventilation to the 
station below. 
At its most extreme (in the columns of the manifold), the surface delaminates, 
creating intricate spatial and topological conditions. Although the Flinders Street 
Station project is not particularly well resolved, having been designed in only nine 
days, these columns are perhaps the most sophisticated emergent algorithmic 
design we have yet developed. An emergent topology is generated through the 
interaction of the manifold swarms strategy and the woven agentBodies that shifts 
between surface, network, strand and lattice. This process creates a synthesis 
of topology and tectonics, and forms a thick, diffuse surface. The bodies 
create complex networks that operate structurally and ornamentally. Where this 
articulation is at its most intense, the woven bodies are surfaced with a glass-fibre 
composite. The materiality shifts across the manifold surface between composite, 
bluestone and copper in a loose index to the local role of the surface: structural, 
trafficable or enclosure.1.  See Catalogue of Projects.
2.  Key Projects, 4.5.
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fig 2.7.1 Fibrous House, prototype
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Behavioral processes of formation create highly differentiated geometries, with 
intricate ornamental characteristics and a compression of tectonic systems. These 
tectonic assemblages resist conventional material and fabrication techniques, and 
require new strategies for construction. 
Over the last few years Kokkugia has been experimenting with fibre composite 
materials and robotic fabrication techniques, in an attempt to construct 
prototypes of these complex geometries and to suggest viable strategies for the 
larger scale realisation of this work. An argument, and indeed motivation, for fibre 
composite construction is frequently premised on the desire for efficiency and 
structural performance.1 In contrast, the argument posited here is based on the 
capacity of composite materials to negotiate competing design behaviors within 
a continuous whole and an interest in the expressive nature of these generative 
assemblages. 
Within the discourse of experimental architecture, there has been a revived 
interest in fibre composite construction over the last five years, although its 
application in architecture dates back to the Monsanto House of the Future in 
1957. Architects including Greg Lynn, Tom Wiscombe and PATTERNS (Marcelo 
Spina and Georgina Huljich) have recently constructed fibre composite projects, 
leveraging their capacities for complex geometry and structural performance.2 
Wiscombe extends composite fabrication logic to a larger architectural concept 
of ‘composite thinking’3, which calls for a compression or ‘squishing’ of form and 
tectonics.
1.  Mike Silver discusses the potential for 
architectural appropriation of the aerospace 
industry’s high-performance composite fabrication 
techniques in Log23 (Silver 2011).
2.  These recent projects include RV Room (Lynn), 
Cantilever (Wiscombe) and League of Shadows 
(PATTERNS). 
3.  Wiscombe presented this concept in his 
lecture ‘Composite Thinking’ at the Architecture 
Association on January 18, 2013.
2.7 BEHAVIORAL COMPOSITES AND 
ROBOTIC FABRICATION
ENCODING DESIGN BEHAVIOR WITHIN COMPOSITE MATERIALS
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fig 2.7.2 AAD, agent-strand composite prototype fig 2.7.3 Cliff House, composite prototype study
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Fibre composites enable agency to be located in the individual fibre within the 
behavioral processes of formation. Designing at the micro-scale of the individual 
fibre and its adjacent algorithmic interactions increases the population of agents, 
significantly intensifying the intricacy and emergent patterns of architectural 
surfaces and tectonics.4  While these emergent effects are the primary concern, 
the capacity to encode the behavior of material within a computational model is 
of increasing significance to this research. Sanford Kwinter discusses material 
behavior in terms of embedded intelligence: 
Every unit of intelligible matter in our technical or cultural world, regardless how simple, is 
refined or organised to a degree sufficient at least to distinguish it from the random and 
disordered background flux or noise of the natural world. (Of course, natural objects may 
possess this same property of refinement in proportion to how closely they are formed and 
organised by the processes of life, processes now commonly understood to extend beyond 
the merely organic.) In this sense such matter may be said to possess a greater of lesser 
amount of ‘embedded intelligence’.5
Encoding the behavior of a material into the algorithmic model, such as its 
flexibility and elasticity, as well as the behavior of the robots used in its fabrication, 
enables these behaviors to negotiate with other architectural design intentions in 
the generative process. This strategy is conceptually very different to the use of 
material form-finding models in projects, such as Achim Menges’s ICD Pavilion 
2011,6 where material behavior operates as a primary driver of the generative 
design process. By contrast, behavioral formation relies on a strategy in which 
form is conditioned, rather than generated, by material behavior. Consequently 
design intention is not deferred to the capacity and tendencies of material.
The prototype for the Fibrous House is one of several fibre composite experiments 
from recent projects that explore material and fabrication implications of 
composites and their relationship to behavioral processes of formation. The 
fabrication of this prototype was focused less on accurately translating the digital 
4.  The effects of high-population agent models 
are discussed in more detail in 1.2, Behavioral 
Methodologies.
5.  Kwinter 2011, p. 215.
6.  The ICD Pavilion is discussed in 1.4 Affects, 
Objects and ArchiLab. A further critique of physics-
based form-finding is outlined in 1.3, Volatility.
fig 2.7.4 Cliff House, composite prototype studies
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model into the physical prototype than on achieving its behavioral qualities and 
fibrous characteristics. The Fibrous House was designed through an iterative 
feedback loop between material experiments and digital generative processes. 
The prototype was fabricated through the feedback of CNC forming and manual 
craftsmanship. Although the moulds were CNC milled, the fibres were not placed 
precisely in accordance with the digital model. Instead, the behavioral rules of 
bundling and aligning were undertaken manually to reproduce the character, 
rather than the exact pattern, of the algorithmic model.
The architecture that is being argued for here is possible (but impractical) 
without a change in the construction paradigm. The Fibrous House prototype 
is an architectural precursor to this emerging paradigm, built within the current 
construction logic while attempting to envisage the composite possibilities of 
robotic fabrication.7 Exploring this architecture through these less automated 
prototypes is useful, but the ambitions of this work will ultimately be realised 
through robotic strategies. This shift to robotic techniques is not driven by a desire 
for the seamless perfection and smooth surfaces of the current generation of 
fibre-placement technology used within the aerospace and yachting industries8, 
but by a desire to construct the intricacy and intensity of this architecture at a 
large scale. 
7.  It is worth noting that Le Corbusier’s Villa Savoye 
is largely a brick building masquerading as a 
concrete one – a prototype for Modernism.
8.  Fifty per cent of the Boeing 787 is fabricated 
from advanced plastic composites, using robotically 
controlled tape fibre-placement.
fig 2.7.5 Fibrous House, prototype fabrication
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As the prototype for the Fibrous House demonstrates, directly executing the 
agents’ behaviors as fabrication procedures is more important to the character 
of the architecture than replicating the precise dimension of the digital model. 
Within the emerging architectural robotic fabrication paradigm, this implies 
directly encoding design behaviors into the robotic fabrication process. This 
direct encoding integrates actual material behavior into the design (as opposed 
to merely subjecting material to digital geometry or simulating its properties) while 
also resolving many issues of accumulated error that are problematic in robotic 
fabrication.9 This is an argument to compress design and fabrication into a single 
behavioral operation – one premised on stigmergic feedback between the form 
and the instrument of formation.10
While industrial robotics are beginning to be appropriated by architecture, what 
is potentially more interesting is the new hacker culture of custom-built machines 
and end-arm-tooling11 that has been emerging from within architecture over the 
last few years, predominantly from architecture schools.12 As tools of design frame 
the constraints and possibilities of a project, expanding the design of tools from 
the digital realm to the robotic opens up a new space for experimentation.
Kokkugia’s experiments in conjunction with the RMIT Architectural Robotics Lab 
have taken two forms thus far: the use of robotic tools to build the intricate forms 
of algorithmically designed projects, and developing a feedback between the 
9.  Small errors or differences between the digital 
model and physical prototype can soon accumulate 
through repetitive operations and cause significant 
problems with robotic fabrication that does not 
include feedback or vision systems.
10.  Stigmergy is a concept relating to the mutual 
feedback between an agent and its environment. 
The term is commonly used in biology to describe 
the relationship between ants and their pheromone 
trails. This is discussed in more detail in 3.6, 
Stigmergy.
11.  End-arm-tooling are the tools that are attached 
to the end of an industrial robot arm, such as those 
used in car assembly plants.
12.  Architecture schools such as SCI-Arc, IAAC, 
University of Michigan, ETH and, more recently, 
RMIT University have established architectural 
robotics labs that foster experimentation in both the 
design of tools and their speculative application.
fig 2.7.6 RMIT University robotic end-arm taping tool
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fig 2.7.7 robotic hot-wire foam cutting fig 2.7.8 robotic hot-wire foam cutting fig 2.7.9 Fibrous Tower X, concrete prototype
fig 2.7.10 Fibrous Tower X, foam robotic fabrication 
prototype
fig 2.7.11 Fibrous Tower X, foam robotic fabrication 
prototype
fig 2.7.12 Fibrous Tower X, concrete prototype
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design of prototypes and the design of robotic tools. The initial experiments used 
robotics to directly translate from the digital surface geometry to multi-axis milled 
moulds to fabricate these digital forms as fibre composite surfaces.13 This strategy 
was employed to fabricate prototypes such as the Composite Swarm installation, 
where foam formwork was robotically milled for the composite surface, and 
moulds were milled to cast the foam bodies.14 
The experimentation with robotics has since progressed to explore the feedback 
between the design of the tool and the design of a project. An example of this is 
the small concrete prototypes for the next iteration of the Fibrous Tower projects15. 
The first iteration of the Fibrous Tower was developed from the constraints of 
3-axis CNC milling to produce formwork for the voids in the concrete shell. This 
most recent version explores the geometries possible with robotically hotwire-cut 
foam formwork. Although this formwork geometry is limited to ruled surfaces, the 
complexity of the formwork is significantly greater than that achievable through 
milling and only takes a fraction of the time. 
While this is a demonstration of how a new robotic tool is influencing the 
digital design process, it is the ability to iteratively design and modify the tool 
in conjunction with the project that has the greatest capacity to generate new 
possibilities. One example of this, developed at the RMIT Robotics Lab, is a 
robotic tool that tapes carbon fibre over a mould.16 This technique has some 
allegiance to the highly sophisticated taping tools used in the fabrication of a 
new generation of composite aircraft, although RMIT’s tool co-evolved with its 
application. Rather than the tool becoming incredibly sophisticated to achieve 
all the requirements of an already designed form, the form of the architectural 
prototype evolved to take advantage of the possibilities and constraints of the 
tool. In this case, the limitations of the in-plane curvature of the tool’s trajectory led 
to a close relationship between taping pattern and form, which drove the design 
of the surface geometry.
The feedback between the capacities of fibre composites, robotic fabrication 
and behavioral processes of formation are opening up a new space for design 
experimentation, and are beginning to demonstrate the feasibility of fabricating the 
speculative design projects developed within this thesis.
13.  The prototypes for the Fibrous House (4.3), Cliff 
House (4.4), and the Composite Swarm installation 
(4.13) were all fabricated using this technique.
14.  For further details see Key Projects, 4.13.
15.  Key Projects, 4.1 and 4.2.
16.  This was a student project developed under 
my supervision as director of the Architectural 
Robotics elective course at RMIT. The students who 
developed the project are Judith Widauer, Tomas 
Kacerik, Xuong Ngo and Yee Cheng Koh.
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4.13 COMPOSITE SWARM
MELBOURNE, AUSTRALIA  |  2013
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The Composite Swarm installation is an architectural prototype, an experiment 
in compressing spatial topology, surface, structure and ornament into a single 
interdependent composite. The project developed out of several of our design 
research trajectories: fibre composite fabrication, and the algorithmic design 
strategies of manifold swarms and agentBodies that we had previously developed 
for the Aalto University1 and Flinders Street Station2 competitions. Our motivation 
for the installation was to explore how the geometries we had designed in these 
projects might be built, so it is a speculative reflection on these previous projects.
The installation is a composite of a fibreglass surface and flexible polyurethane 
foam agentBodies. Both the surface and the bodies are too flexible to be self-
supporting, although the combination of the two creates a very stiff and strong 
assemblage. The form of the bodies creates a network of small corrugations 
and provides structural depth to the skin, while the epoxy and fibreglass surface 
rigidises the bodies. The structural strength of the surface is generated by a 
combination of this network of corrugations and the double curvature of the 
surface, which enables the 2500mm high prototype to maintain a surface 
thickness of only 0.85mm. 
The double curvature of the overall form was designed through manifold swarm 
behavior, an algorithmic strategy that generates emergent spatial topology. 
The agents that form the surface topology also generate the behavior of the 
agentBodies, creating a network of connections that are simultaneously structural 
1.  See Catalogue of Projects.
2.  Key Projects, 4.12.
184
and ornamental. Consequently, the processes that generate the space, surface 
and ornamental qualities are intrinsically tied and irreducible. The composite 
surface is the result of negotiating all of these architectural concerns.
Fabricating the project revealed that our ambition outstripped our fabrication 
experience. This difficult process involved laminating the polyurethane bodies and 
glass fibre with an epoxy resin on a single-sided mould. We milled the mould in 
small parts from EPS foam using a multi-axis robot and three-axis CNC. These 
parts were then assembled and coated in epoxy to achieve a smooth finish. The 
bodies were individually cast in double-sided plastic moulds, which were vacuum 
formed from a robotically milled master mould. We laminated these bodies 
between two layers of glass fibre (each layer containing two plies of 285gsm 2x2 
glass fibre twill fabric) and infused this with epoxy resin under vacuum pressure.
The algorithmically generated agentBodies in the Aalto University and Flinders 
Street projects were all geometrically unique, which presented a significant 
problem for fabrication. Therefore, rather than milling every body individually 
for this Composite Swarm installation, our solution was to make flexible bodies 
that could bend and weave, but not stretch, into complex configurations. We 
decided on three body types that could be cast from flexible polyurethane foam. 
The physical material properties and constraints of these were encoded within 
the algorithmic agentBody, so that their digital behavior was limited to what is 
physically possible. 
The flexible bodies represent a novel approach to the design of variable 
components. However, the laborious aspect of the project was fabricating 
the mould for the surface topology, which was milled entirely from foam. On 
reflection, this is a limitation caused by our concern for precisely translating the 
digital model into a physical prototype, rather than allowing for greater feedback 
between material behavior, fabrication techniques and surface topology – instead 
the material followed the digital. This limitation has been addressed in our most 
recent robotic fabrication experiments, where the tool plays an important role 
in influencing the design within a feedback loop. The benefit of milling a mould 
for the surface is that there is significant freedom in both form and detail, which 
is important in order to fabricate the specific characteristics that emerge from 
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behavioral processes. An alternative approach that we have since considered is 
the use of flexible or fabric formwork that would significantly reduce the cost and 
time; however, it would place specific limitations on the formal characteristics of 
the surface. Reliance on material behavior and form-finding confines the formal 
characteristics of fabric formwork to the selection of known types.3
As with all these projects, there was a negotiation between algorithmic processes 
and top-down decisions – in this case relating to the edge conditions and 
silhouette. Within the algorithmic process, we fixed the edges of the expressive 
wings and legs so that the mid section of the project re-forms its surface topology, 
but the edge conditions are explicitly described. In reflecting on our experiments 
using manifold swarms strategies, we realised that this approach is very effective 
at generating complex topologies but less effective in creating successful 
silhouettes and edges. The relatively minimal nature of the top-down decisions is 
probably the reason that many of the formal tropes evident in some of our other 
projects4 were avoided. This project does, however, index the complex, smooth 
topology that reoccurs in our work as a result of the manifold swarms strategy. 
The choice of materials for the prototype was not based simply on their structural 
and geometric performance; we were particularly interested in the translucency of 
the material and its ability to vary opacity. This is partly in recognition of the lack of 
fenestration articulated independent of a surface within our body of work; typically 
we modulate the surface to create different light conditions and transparencies.
This prototype was a test of composite tectonics for future application to a larger 
architectural project. While we were experimenting with fundamental architectural 
concerns (such as the relationship of structure, surface and ornament), in order 
for this prototype to advance towards an architectural application it would need to 
engage hierarchies of structure in a more specific manner, and demonstrate the 
material ability to negotiate with very specific architectonic issues such as joints 
and connections. Behavioral Formation can conceptually negotiate these issues, 
but these have not yet been materially tested.
3.  This critique of the stability of material 
computation in architecture is discussed in more 
detail in 1.3, Volatility.
4.  The repetition of explicit formal tropes is 
discussed in the Introduction.
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fig 3.6.1 multi-agent ant-trail algorithmic drawing
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3.6 STIGMERGY
Stigmergy describes the self-organisation of a system through the indirect 
interaction of agents. Stigmergic behavior is common in social insects such as 
termites when building mounds, where the termites interact collectively through 
their operations on the termite mound, rather than through direct coordination 
between the termites.
Pierre-Paul Grasse introduced the term ‘stigmergy’ in 1959, to describe the 
indirect coordination of social insects.1 Stigmergy operates within ant trail 
systems, for example, through the ants’ deposition of a chemical pheromone 
trail, which other ants then respond to and follow. As successive ants reinforce 
this pheromone trail through positive feedback (trail attracts ant, ant increases 
attraction of trail), a self-organised order emerges. Stigmergic systems also 
generally include negative feedback, such as the evaporation of pheromone, so 
when trails fail to be reinforced regularly they evaporate and create less attraction. 
It is the balance between positive and negative feedback that keeps a system in a 
dynamic equilibrium, from which complex order emerges. 
During the construction of termite mounds, the termites interact predominantly 
through the matter of the mound. Termites move particles of dirt and secrete 
pheromone where they deposit that dirt; this in turn stimulates other termites to 
deposit more dirt in that location, generating a positive feedback loop. The termite 
mound has some obvious parallels to the possible construction of architecture. 
However, the interest here in stigmergy is not metaphorical or literal: it is an 
interest in the self-organising capacity of stigmergic systems. 
The use of algorithmic techniques in architecture often creates a discontinuity 
between the logic of the algorithm and the development of architectural geometry. 
For example, a flock of birds is self-organised at any given instance. The 
interesting emergent behavior of a flock, however, lies in its macro-scale behavior 
over time (the motion of the flock). But herein lies the problem for the designer 
using swarm algorithms. To extract the positions of a swarm at any given moment 
in time ignores this emergent behavior. An alternative to this is to extract the 
1.  Camazine et al. 2003, p. 56.
fig 3.6.2 seek trail behavior
191
history of the flock, for instance by drawing a line tracing the path of the agent. 
While this technique captures a trace of the emergent behavior and motion, the 
lines have no ordered relationship to each other. The agent has no recognition of 
its own path or the paths of others; in drawing a new path, it does not respect 
the existing lines. Consequently, the self-organising flocking or swarm algorithm 
does not lead to self-organised geometry (paths or lines); in fact it is often quite 
the opposite, as the lines intersect each other arbitrarily. This is not dissimilar to 
drawing with one’s eyes closed, unable to respond to the lines already drawn.
Stigmergy is an important technique in Behavioral Formation, as it provides a 
method of incorporating architectural geometry in the generative process. The 
bird-flocking example above can be reconstructed as a stigmergic system by 
establishing feedback between the agents and motion paths. In this case, the 
agent is affecting its environment by drawing a path, and the environment is 
influencing the agent as it responds to the existing paths. The paths that emerge 
from this process create a self-organised complex order.
Kokkugia’s Behavioral Formation projects use either stigmergy or self-organisation 
of architectural geometry as the primary mode of feedback that leads to the 
generation of complex order. The fluid turbulence2 and strand3 projects operate 
stigmergically with a feedback between agents and strands. Likewise, algorithms 
such as the landscape of the Babiy Yar Memorial4 operate in a similar manner 
to ant trail systems. The non-stigmergic algorithms, such as those used in the 
agentBodies or the manifold swarms projects, use self-organisation of geometry 
to generate emergent order. These projects do not trace geometry from the 
behavior of a system; the geometry itself interacts to achieve a higher degree of 
emergent order. For example, in the Composite Swarm project5, the agentBodies 
move in response to the neighbouring bodies. Over time, this feedback results in 
the generation of a self-organised manifold and tectonic network, with geometry 
being intrinsic (rather than applied) to the behavioral process of formation.
In addition to digital design, stigmergy provides a powerful concept for self-
organised fabrication, where the generative algorithm or decision-making is 
encoded directly as robotic operations, triggered by the local conditions of the 
material it is fabricating. This logic enables volatility to enter into the fabrication 
process, where volatile material behavior interacts with precise algorithmic logic.6
2.  Such as the National Art Museum of China (4.7) 
and the Kazakhstan Symbol (4.8).
3.  Such as the Fibrous Tower 2 (4.2).
4.  Key Projects, 4.10.
5.  Key Projects, 4.13.
6.  This notion of stigmergic fabrication is explored 
in 2.7, Behavioral Composites and Robotic 
Fabrication.
fig 3.6.3 multi-agent ant-trail algorithmic drawing
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fig 2.8.1 Melbourne Docklands, swarm urbanism, 
circulation iterations
fig 2.8.3 Melbourne Docklands, swarm urbanism, 
infrastructure iterations
fig 2.8.2 Melbourne Docklands, swarm urbanism, 
programmatic iterations
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Behavioral Formation is a generative organisational logic that posits a way 
of harnessing the emergent capacities of complex systems within a design 
methodology. While this research is predominantly concerned with the 
organisation of architectonic matter, perhaps its most obvious application is the 
organisation of the urban fabric. As discussed in 1.2, Behavioral Methodologies, 
programmatic and urban self-organisation provided the original impetus for this 
work in 2002. However, the application of Behavioral Formation to urban design 
warrants further consideration, and some of these ideas have been tested through 
a diagrammatic project for a retroactive design of the Melbourne Docklands.
Pre-modern cities developed as complex systems, where the interaction of 
individual decisions gave rise to emergent urban morphologies. The Renaissance 
and, later, Modernism witnessed the centralisation of those decisions into top-
down planning strategies. Regardless of their process of formation, cities operate 
essentially as complex systems, involving negotiations of people, space, material 
flows, finance and information.1 An application of Behavioral Formation to 
urbanism offers a methodology for urban design that engages complex systems 
and emergent formations.2 
The strategies of swarm urbanism are a shift from notions of the master-plan 
to that of the master-algorithm as an urban design tool. This distinction is 
between that of a sequential set of decisions at reducing scales as opposed to 
a simultaneous process in which a set of local decisions interact to generate a 
1.  This argument is the central thesis of Steven 
Johnson’s popular book on emergence (Johnson 
2001).
2.  This proposition for a behavioral generative logic 
for urbanism can be situated as part of a much 
longer trajectory of reaction to the top-down urban 
planning of the modern city. While a history of this 
trajectory is not within the scope of this thesis, it 
is worth noting that the trajectory can be traced 
back at least to the work of Jane Jacobs (1961) and 
Christopher Alexander (1977).
2.8 SWARM URBANISM
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fig 2.8.4 Melbourne Docklands diagrammatic plan
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complex urban system. Rather than designing an urban plan in reference to a 
set of criteria, urban imperatives are programmed into a set of agents that self-
organise. Consequently, this conception of urban design generates a model that 
is sufficiently flexible to be able to respond to the constantly changing political, 
economic and social pressures of urban development.
The decentralised structure of swarm (or multi-agent) systems changes the 
nature of hierarchy in urbanism. Hierarchies of scale and intensity are, of course, 
imperative to urbanism, but not necessarily to the processes of urban design. 
The swarm logic developed for the Melbourne Docklands flattens the hierarchy 
within the design process. All elements of the urban fabric are conceived of 
as possessing agency, enabling them to interact without a sequential design 
hierarchy; instead, the hierarchy of intensities at a macro-scale are an emergent 
outcome of their self-organising operation. Urban elements such as infrastructure 
are not a priori, but rather one of many co-dependent systems that self-organise 
to generate a mutually resilient organisation. 
Agency operates through two main processes within this proposal: firstly by using 
design agents to self-organise urban matter and, secondly, to encode design 
decisions into urban elements and topologies. Agents within this system are not 
generic; there is, instead, an ecology of agents that interact, with each set of 
agents being programmed with specific design intent. In this first category, agents 
operate to self-organise program through a process of stigmergic growth3. This 
type of collective behavior is similar to the logic of termite colonies in aggregating 
matter to form termite mounds. Programmatic mass is accumulated by agents 
reorganising and accreting nodes of program. These agents operate under a 
set of rules that relate to programmatic adjacencies within both the generative 
system and the existing context. The second category of agents works in a 
similar manner to the processes that govern the self-organisation of slime mould 
cells into minimal path systems. These urban agents are primarily used to 
generate infrastructural and circulatory networks. These networks are generated 
through spring-like connections, where both the agent and the properties of 
the network play a role in its self-organisation. Such infrastructural networks are 
not topologically fixed, as the springs can separate and form new connections; 
however, the topology plays a role in its generation. This project is not an attempt 3.  Stigmergy is discussed at greater length in 3.6, 
Stigmergy.
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to map the motion of swarming agents in creating an urban plan, but rather to 
create a system capable of generating a collective intelligence in self-organising 
urban structures.
 
Unlike its application to architecture, multi-agent algorithms have an established 
lineage in urbanism. A leading proponent of this research, Michael Batty, has an 
extensive body of work exploring the role of multi-agent modelling, fractals and 
cellular automata at the urban scale.4 Batty’s work is primarily concerned with 
simulating the nature of urban growth and development. He frames this as a 
tool to understand the city and a method for testing the impact of urban design 
decisions on growth and development, stating that ‘Our focus is largely on 
experiments with models that provide us with analogies as to how cities develop 
and evolve’5. A recurring strategy in this work is the use of cellular automata to 
describe the physical and spatial structure of the city and multi-agent systems 
for the ‘human and social units that make up the city’6. These two systems are 
typically set up in a stigmergic relationship, where the mobile agents affect and 
are affected by cellular spatial agents. This approach is entirely different to what 
is posited here as swarm urbanism. Swarm urbanism is not a predictive tool of 
growth, nor a tool for testing the use of urban environments; it is a speculative 
design tool for self-organising urban design intention. 
4.  Batty leads the Centre for Advanced Spatial 
Analysis at the Bartlett, UCL, which is focused 
on the relationship between simulation and urban 
systems.
5.  Batty 2007, p. 7. However, Batty does reference 
the ambition to use these models to grow 
‘good design’ outcomes by manipulating these 
simulations (Batty 2009, p. 47).
6.  Batty 2007, p. 6.
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The opening essay, The Unravelling of Certainty, attempts to describe the 
broader intellectual and architectural context of emergence, complex systems 
and ontologies of becoming that influenced the genesis of this design research. 
Two exhibitions that emerged from this context, ArchiLab (1999 and 2000) at the 
FRAC in Orléans, and the Architectures Non-Standard exhibition at the Centre 
Pompidou in 2003, delineated this first generation of digital architecture. 
Since these defining exhibitions, the discourse on speculative digital 
experimentation in architecture has diverged into several strands: an algorithmic 
extension of complex systems towards their logical extremes, and shifts away 
from process toward objects or their affects1. In the first few years of the 
millennium, there was a move away from the animate design processes that Greg 
Lynn had pioneered, in favour of an expansion of the topological understanding 
and experimentation with complex geometries, that his work had been a catalyst 
for. Rather than pliant surfaces being inflected by animate process, it was the 
‘virtuosity’ of the designer’s hand (or mouse) that began to shape the intricate, 
exuberant, formal expressions, which were accompanied by a changed focus 
in discourse from process to affect. This shift away from process has been 
reinforced by the rapidly growing interest in ‘speculative realism’ and ‘object 
oriented ontology’ – an attempt to replace the theoretical underpinning of the 
dominant speculative design trajectory from the Deleuzian concern for becoming 
to a focus on the irreducibility of objects themselves. Conversely, the generative 
capacity of complex processes has been advanced towards their logical extreme 
1.  Other strands of less speculative digital design, 
such as physics based form-finding or optimisation, 
are addressed in 1.3, Volatility. 
1.4  AFFECTS, OBJECTS, AND ARCHILAB
REFLECTIONS ON CURRENT DISCOURSE
fig 1.4.2 AD: Elegance, edited by Ali Rahim + Hina 
Jamelle
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through algorithmic explorations, which have recently been articulated through the 
2013 ArchiLab exhibition, Naturalising Architecture.
In his 2004 article for Praxis2, Lynn gives a scathing critique of contemporary 
generative digital architecture, claiming that his predominant interest arising from 
the animate form project was calculus-based geometries rather than generative 
processes. This is indicative of the shifting attitude that was becoming evident 
among a group of architects (including Hernan Diaz Alonso, Ali Rahim and 
Mark Gage) who were predominantly associated with the digital experiments at 
Columbia University in the ’90s. These architects continued to advance the formal 
experiments of that era, but had begun to suppress the focus on process in 
favour of discussions of form and affect. This interest developed into what could 
be described as a late Baroque period of architecture’s digital turn. 
One strand of this formal expression developed by Hernan Diaz Alonso focuses 
on excess and the grotesque: ‘What is really interesting to me is the possibility 
of something horrific and grotesque revealing a different kind of beauty and 
creating a different kind of an effect and condition on the people that experience 
my work. The result of the intensity of the horrific is the appearance of some rare, 
unlikely new beauty’.3 The counterbalance to this was the claim for ‘elegance’ 
outlined in Ali Rahim’s and Hina Jamelle’s AD publication of the same name.4 
Mario Carpo points out that their introduction ‘announce[s] a second age of 
digital smoothness, an age of maturity and self-confidence, where the theoretical 
emphasis and radical experimentation of the first generation of digital designers 
are abandoned in favour of practice and “elegant” making’5. In describing how this 
concern for elegance is manifest in his studio teaching, Ali Rahim claims that ‘The 
aim is, then, to reach the level of designed luxury found, for instance, in the most 
excessive Baroque or Rococo interiors’6.
Regardless of their aesthetic differences, this group of architects argues for the 
primacy of affects, a description that Jeff Kipnis traces to Peter Eisenman: ‘To 
distinguish post-critical from pre-critical sensibilities and to call attention to the 
fact that the emotional impact of the work emanates not from the representations 
of the architecture but from the formal structures themselves, Eisenman termed 
these new sensations collectively as “affects”.’7 This shift in discourse towards 
2.  Schafer 2004.
3.  Colletti 2010, p. 73.
4.  Rahim & Jamelle (eds) 2007.
5.  Carpo 2013, p. 209.
6.  Colletti 2010, p. 29.
7.  Mark Gage quotes Kipnis in a footnote to his 
article ‘Deus ex Machina: from Semiology to the 
Elegance of Aesthetics’. Carpo 2013, p. 224.
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affects is not a replacement for the techniques that Rahim had earlier promoted8, 
but rather their subordination to affects. Rahim stated (in Marjan Colletti’s 2010 
publication, Exuberance) that ‘The development of techniques is essential for 
innovation in design. However, the mastering of techniques, whether in design, 
production or both, does not necessarily yield great architecture’9. Techniques as 
described by Rahim are considered to be a tool at the disposal of the architect’s 
virtuosity, at the service of design intention. Diaz Alonso points out:
For discussions on the issue of form or formalism, the word ‘affect’ has been at the centre 
as part of an ambition to redefine the detachment of results from processes.10
Clearly, the design research posited in this thesis is concerned with form, 
aesthetics and their capacity to affect; however, the concern for affect in 
Kokkugia’s work is inseparable from process. The designer’s virtuosity (as Rahim 
describes it) does not sit outside the process, or operate in a linear relationship 
through the tool to form; rather, virtuosity or intent is embedded within the 
behavioral process of formation. The outcomes from behavioral processes are not 
indexical to either the virtuosity of the designer or the operation of the algorithm. 
Affects, or more precisely the affective capacity of space and form, emerge from 
the interaction between the designer’s intention and the emergent behavior of the 
algorithm.
The commonly posited argument in this post-process digital architecture 
discourse is that one should not discuss process, but instead focus on the 
affects of form. An obsession with process might marginalise other architectural 
concerns, such as the creation of affects, but an interest in affect does not make 
process any less important to the creation of architecture and its affects. 
This shift in architectural discourse – from processes of formation to a concern 
for the objects they create – is also emerging in the more recent interest in 
speculative realism and, in particular, object oriented ontology. This realist 
philosophy, established by Graham Harman, posits that objects exist independent 
of human cognition and that all things equally exist, and he argues against 
‘undermining’ or ‘overmining’ objects. Undermining objects is to reduce objects 
to the relations of their parts, while overmining reduces objects to their relations to 
8.  A significant shift in Rahim’s writing can be 
traced through the Wiley AD Editions he has edited: 
Contemporary Processes in Architecture (Rahim 
2000), Contemporary Techniques in Architecture 
(Rahim 2002), and Elegance (Rahim 2007) 
9.  Colletti 2010, p. 27.
10.  Colletti 2010, p. 73.
fig 1.4.3 Michael Hansmeyer, Subdivision Columns
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other objects, in particular to human perception. The architectural appropriation 
of object oriented ontology is catalysing a shift from relational fields to objects 
– a reversal of the shift Stan Allen described in 199711. As with the discussion 
of affect, this ontology refocuses attention away from becoming. However, the 
concern for affect and object oriented ontology are not necessarily aligned, as 
affect overmines, and is unable to exhaust, the architectural object in relation to 
the subject.
In his article, ‘Return to (Strange) Objects’12, David Ruy makes a case for object 
oriented ontology, by critiquing relational approaches where architecture is the 
product of the field of forces upon it. Ruy describes this as a ‘consequence of 
its context’, or an uncontested outcome of its parameters, arguing that attention 
should be focused on the architectural object rather than that object’s relations 
to a wider socio-political field. Ruy also warns against the effective dissolution of 
architecture into ecology: ‘Nature is the ultimate milieu, the all-encompassing field 
of material phenomena. Perhaps architecture’s movement from object to field 
culminates in the vision of the involuted erasure of the architecture/nature divide 
as a desirable outcome’13.
Object oriented ontology is a-temporal; it is primarily concerned with the object, 
as opposed to ontologies of becoming that are concerned with formation. 
Pia Ednie-Brown posits that ‘Process philosophy gives ontological priority to 
processes, forces, and change rather than objects, agents and stasis as the 
basic substance of the world’14. The emergence of specificity in the formation of 
an object makes that object irreducible to its parts: emergence, then, is a primary 
generator of objects that cannot be undermined by the primary nature of its 
constituent parts. Another approach to this issue is to consider the object-hood 
of parts regardless of their role in the formation of other objects. John Holland 
discusses emergence in terms of the interaction of building blocks that generate 
building blocks at another scale15, each of these blocks being objects in their own 
right, not simply inputs to a relational system.
In the Composite Swarm project16, the individual agentBodies are not subsumed 
by the emergent whole of the installation; instead, they lead to the emergence 
of the whole, while maintaining their individual object-hood and locally specific 
11.  Stan Allen, ‘From Object to Field’ (Bates 1997).
12.  Ruy 2012.
13.  Ruy 2012, p. 39.
14.  Ednie-Brown 2007, p. 62.
15.  Holland 1995, pp. 34–37.
16.  Key Projects, 4.13.
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qualities and characteristics. This is perhaps an example of what Lynn refers to 
when he argues against emergent wholism in favour of ‘continuously differentiated 
multiplicity’17, claiming that internal multiplicities are ‘a provisionally unified 
composition that exhibits its own internal diversification of a multiplicity’18.
It is important to differentiate between a field of relations in the design process 
and the field of relations occupied by the architectural object. Multi-agent systems 
are field conditions that do not necessarily respond to a field beyond their own 
internal relations. Furthermore, they can be used morphogenetically in the 
design of an object that is isolated from relationships outside of itself – an object 
that is evaluated based on its architectural qualities rather than the network of 
interactions from which it emerged.
In examining the relationship of object oriented ontology and emergence, a 
distinction can be made between the statements that ‘the whole is greater than 
the sum of its parts’, and ‘the collective behavior is greater than the sum of the 
interaction of its parts’. The motion of a flock is not greater than the sum of all the 
birds’ feathers, skeletons, colors, etc. However, the motion of the flock is perhaps 
greater than the sum of the motion of all the birds.19 If we extend this examination 
to computational agents, we can ask if they have any qualities that cannot be 
exhausted by their interactions. The answer is potentially ‘no’, or at least close 
to ‘no’ – as the agent is deliberately described by parameters that are intended 
to interact. Instead, it is the emergent whole that cannot be exhausted by its 
relations, over or under.
It is too early to understand the impact that object oriented ontology will have 
on architecture, although it is currently being referenced in arguments for the 
design of buildings as discrete objects (objects that do not attempt to respond to 
their wider relational field). Tom Wiscombe’s recent work and concepts posited 
in lectures exemplify this.20 Wiscombe denies his buildings’ access to the wider 
context: 
Ground in our work is treated as architecture, not landscape. Our architecture does not fuse 
with or otherwise disappear into ground, but rather remains discrete from it, using strategies 
such as hovering, nesting, or deferring landing via a ‘ground object’.21 
17.  Lynn 1998, p. 162.
18.  Lynn 1998, p. 162.
19.  Although Harman may potentially argue that 
this isn’t true either, as this would undermine the 
particular or peculiar motion of the individual bird.
20.  Projects such as the National Centre for 
Contemporary Arts Moscow, and the Taichung City 
Cultural Center.
21.  http://www.tomwiscombe.com/about.html, 
accessed 10.2.2014.
fig 1.4.6 Neri Oxman, Pneuma 1
fig 1.4.7 Marc Fornes / THEVERYMANY, Double 
Agent White
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This is in stark distinction to recurring themes of the continuous surface of building 
and landscape. Wiscombe’s buildings are reducible to their parts, although 
the interaction of these parts makes a new whole that does not rely on any 
emergent processes for legitimacy. His objects-within-objects are still readable as 
objects; they do not blur into a continuous whole: ‘architecture becomes a set of 
interactive whole objects rather than a classical part-to-whole unity’22. 
The concern for emergent qualities and characteristics in the Kokkugia projects 
is not at odds with the renewed attention to the architectural object instigated 
by object oriented ontology. However, a reading of this ontology that resists 
processes of becoming would be contrary to the critical importance of the 
interaction of intention and emergence in behavioral processes of formation that 
generate the irreducible qualities of the architectural object.
The submission of this thesis coincides with the Naturalising Architectures 
ArchiLab exhibition at the FRAC Collection in Orléans, which includes work by 
Kokkugia. Curated by Marie-Ange Brayer and Frédéric Migayrou, the ambition of 
this exhibition is to:
. . .illustrate the scope of this epistemological revolution, where architecture and science 
have entered into a dialogue within the computational field. This international exhibition will 
present projects by some architects, designers and artists through the research of a new 
generation on the cutting edge of biotechnology and simulation.23 
Implicit in this exhibition is an illustration of the shift from the digital architecture 
as defined through the first ArchiLab to ‘the implementation of generative 
protocols, notably founded on the use of cellular automata, genetic algorithms 
and organic simulation techniques, [which are] opening up unprecedented fields 
of investigation.’24 This exhibition demarcates a primary sphere within which 
Kokkugia’s work is situated, and highlights Kokkugia’s differences with these 
peers as much as the similarities. 
The work in the exhibition pushes computational experiments to their extremes of 
complexity and intricacy: an ‘architecture [that] is now happening at the level of 
matter’25. The exhibition primarily comprises installation pieces or experiments in 
22.  http://www.tomwiscombe.com/about.html, 
accessed 10.2.2014.
23.  Brayer 2013, p. 10.
24.  Brayer 2013, p. 10.
25.  Brayer 2013, p. 10.
fig 1.4.8 Achim Menges, ICD Pavilion 2011
fig 1.4.9 Jenny Sabin, Polymorph
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computational geometry, only some of which relate to buildings; however, many 
of the exhibited works are more abstract or sit on the periphery of architecture 
(such as designs for furniture, jewelry, clothing and cutlery). This shift away from 
buildings is a significant distinction between the Kokkugia projects and many of 
Kokkugia’s immediate contemporaries – Behavioral Formation is fundamentally 
concerned with encoding architectural design intent within behavioral processes. 
This is significantly different from the creation of emergent geometries from 
algorithmic (or even behavioral) processes that remain pre-architectural or are 
post-manipulated into architecture26, approaches that characterise many of our 
peers. It is argued in this thesis that architecture needs to emerge from processes 
in which architectural decision self-organises, in order to produce work that is 
contingent, but not indexical to its process.
Brayer and Migayrou argue for a synthesis of architecture and biology in this 
current generation, which is clearly a concern, or at least a latent tendency, in 
much of the work exhibited at ArchiLab. Neri Oxman explicitly references nature 
and uses biomimetic processes: her work is ‘inspired by Nature’s strategies where 
form generation is driven by maximal performance’27. Jenny Sabin collaborates 
with microbiologists to extract logic from biological systems. Likewise, Achim 
Menges states that all projects begin with biological research at the microscopic 
level28, and in the case of the ICD Pavilion 2011 that ‘the behavior of the material 
itself computes the shape of the pavilion’29. Marc Fornes argues for a less direct 
relationship to nature, stating that ‘trying to claim a direct relation to nature is 
naive’30. Instead, he says that nature ‘influenced’ his work but it is ‘not a direct 
influence’31 and that nature gets corrupted through the negotiations of the non-
linear design process. Migayrou and Brayer claim ‘architecture is now happening 
at the level of matter and tends toward the complete recreation of organic 
matter, made possible thanks to science’32. This issue of scale or resolution is a 
concern that is rapidly coming into focus within this milieu. Michael Hansmeyer’s 
recent work, particularly his Subdivided Columns and Digital Grotesque projects, 
demonstrates the ornamental effects of extreme detail. These projects are created 
through simple recursive procedures that operate at extreme levels of iteration. 
This creates millions of facets that produce polyscalar form and ornamental detail. 
Alisa Andrasek’s writing and, increasingly, her projects are developing concepts of 
26.  This is discussed in more detail in 1.3, Volatility, 
and 1.2,  Behavioral Methodologies.
27.  Oxman 2010, abstract.
28.  Achim Menges discusses this in his lecture at 
the ArchiLab symposium: ‘Architecture et Sciences 
: une Nouvelle Naturalité’ (Menges 2013).
29.  Menges 2013.
30.  Marc Fornes, in discussion at the ArchiLab 
symposium: ‘Architecture et Sciences: une Nouvelle 
Naturalité; Comportements Matériels’ (Migayrou 
2013).
31.  Marc Fornes in discussion at the ArchiLab 
symposium: Architecture et Sciences: une Nouvelle 
Naturalité; Comportements Matériels (Migayrou 
2013).
32.  Brayer 2013, p. 10.
fig 1.4.10 Alisa Andrasek / Jose Sanchez, Bloom
fig 1.4.11 NAMOC model detail
fig 1.4.12 Kokkugia’s NAMOC and Babiy Yar projects 
at ArchiLab
204
‘high resolution fabrics’ and ‘dustism’: ideas about the extreme accumulation of 
material possible with contemporary computation.
Kokkugia shares certain traits with these contemporaries in terms of an interest 
in complex systems and a concern for an increased resolution of architectural 
geometry. However, within Kokkugia’s work the relationship with nature is framed 
differently. While multi-agent algorithms can be used to simulate the flocking 
of birds or the schooling of fish, they can equally be used for the modelling 
of financial markets and as optimisation (search) routines. These algorithms 
are ideologically neutral, albeit rich with tendencies. Kokkugia’s interest in this 
algorithmic logic is not a concern for nature, but a concern for emergent, self-
organising processes that generate complex systems. This is an interest in the 
operation of these systems, not in any particular instance of their rules – be they 
biological or social. 
There are, nevertheless, aesthetic relationships to nature in Kokkugia’s work. 
These may arise, perhaps, from shared procedural logic of complex systems of 
formation, or even from latent bio-aesthetic tendencies – such as the interest in 
fibrous assemblages. However, what separates Kokkugia’s work from architects 
concerned with biomimetics is the explicit role of the architect’s intention within 
the algorithm rather than deferring authority to nature. This architecture is a 
consciously directed human activity; it is cultural, driven by intention rather than 
evolutionary pressures.
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This thesis is a reflection on the relationship between emergence and architectural 
intention, viewed through the work of my practice. The design methodologies 
developed through these projects recast architectural intention as behaviors 
that interact within volatile processes of formation. This approach creates a 
feedback loop between top-down operations, qualitative evaluation, and the 
self-organisation of design intention encoded within an emergent algorithmic 
process. This design methodology is a navigation of volatile processes, from 
which we tease out an emergent architecture rich with intricate, complex order. 
This non-linear computational approach is inherently a process of negotiation 
that undermines pre-established hierarchies and the discrete articulation of 
architectural elements. A primary implication of this approach is the uncoupling of 
discrete architectural elements and their nominal roles; instead, these processes 
create a hybrid or synthetic relationship between architectural roles and geometry.
The development of this methodology – of embedding architectural design 
intention as behaviors within multi-agent algorithms – forms an original 
contribution to the broader interest within architecture in complex systems and 
algorithmic design. Our sustained exploration of the adaptation of processes 
of swarm intelligence to architectural design has been an attempt to establish 
and articulate a methodological and theoretical basis for an architecture of 
Behavioral Formation. While I consider this to be an important contribution, our 
work is evolving away from a general approach and set of strategies that can be 
redeployed, toward a more specific or strange architecture.  
CONCLUSION
AN ENDING AND OPENING / REFLECTING BACK AND FORTH
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IMPLICATIONS FOR PRAXIS
This process of reflection has primarily impacted on the nature of our design 
projects, but it has also affected our practice’s organisational structure, with the 
separation of my architectural work into two practices, Studio Roland Snooks and 
Kokkugia. I established Studio Roland Snooks in 2012 to provide architectural 
services focused on realising built projects. My ambition for this studio is to 
develop a unique architectural language and approach from the interaction of 
behavioral processes of formation and the current capacities of the construction 
industry, including robotic fabrication. Kokkugia, a collaboration with Robert 
Stuart-Smith, was established in 2004 as an experimental research studio. 
This restructure will enable Kokkugia’s work to become ever more experimental 
through the further development of algorithmic behavioral methodologies and 
processes of swarm intelligence. 
The process of reflection has demonstrated the importance of expanding 
Behavioral Formation beyond the digital realm. We are beginning to extend 
our design processes to incorporate the behavior of material and fabrication 
processes. The fibre composite material experiments and the prototyping of 
robotic tools and techniques are simultaneously an attempt to expand the space 
of design experimentation and to develop pragmatic tools for building complex 
geometries.1
EMERGENCE AND INTENTION
The relationship of emergence and architectural intention is premised on a 
qualitative understanding of emergence. If emergent phenomena are qualitatively 
discernible patterns arising from complex systems, then their intrumentalisation 
is dependent on our ability to discern or recognise this order, which cannot be 
described mathematically. The volatile and generative capacities of non-linear 
algorithmic design processes are inherently speculative, while the architect’s 
role in teasing out the emergent phenomena is a subjective process. This is an 
argument for the role of intention and strategy rather than autopoietic processes2; 
architectural design is not equivalent to the autonomous processes of formation in 
the physical world. This understanding positions the use of emergent processes 
as cultural, rather than scientific or evolutionary production.
1.  This is discussed at greater length in 2.7, 
Behavioral Composites and Robotic Fabrication.
2. Autopoietic is used in this context to describe 
systems that are self-organising and regulating 
without external input. 
fig 5.1.1 Malibu House, ceiling pattern detail
fig 5.1.2 Babiy Yar Memorial, bronze detail
fig 5.1.3 Swarm Matter
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The qualitative effects that are teased out of these emergent processes can 
be described in three categories: recurring characteristics, complex order and 
affectual capacities. Recurring characteristics are those that consistently emerge 
from a process, while other descriptions such as topology or dimension remain 
more volatile. These characteristics, which resist being drawn or modelled, 
emerge at the local scale from the internally consistent operation of the algorithm, 
and are evident for example in the particular curvature and bundling of the Malibu 
House’s ceiling pattern. Emergent order occurs at a larger scale where discernible 
patterns arise, such as the emergent figure in the Swarm Matter project. The 
generation of intricate form and space from high-population, multi-agent 
algorithms produces emergent affectual capacities, such as those of the Babiy 
Yar bronze memorial space, which are inextricably linked to the intensity and 
resolution of the process. These are all qualities and characteristics that emerge 
from the complex, self-organising algorithmic process, but which must be teased 
out through the design intention of the architect.
In the early development of this body of work, we were concerned with designing 
entirely generative processes, which has since evolved into a productive 
interaction between top-down and bottom-up processes. By reflectively framing 
this work in terms of the relationship of intention and emergence, our awareness 
of the significance of the top-down decisions has increased, and any lingering 
suggestion of the benign or default nature of explicit starting conditions has been 
discarded. This is evident when comparing earlier projects such as the Taipei 
Performing Arts Centre with the more recent Kazakhstan Symbol or the Malibu 
House. The latter projects have stronger formal qualities through decisive top-
down formal decision-making, as opposed to the Taipei project in which we 
assumed the emergent capacity of the algorithm would suffice. Understanding the 
interaction of intention and emergence in our design process is beginning to open 
the work to a new set of explicit formal influences.
The process of reflection has also revealed several recurring forms that I explicitly 
draw and model, perhaps sub-consciously, and I now realise that some of these 
date back to my undergraduate projects. These forms have re-emerged in the fat 
wings of the Cliff House and the stubby towers of Flinders Street Station. It is the 
explicit modelling and strange feedback of our design methodologies that embed 
fig 5.1.4 Swarm Matter, detail
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these formal recurrences. This recurrence is quite revealing – as much for my 
affinity for certain forms, as for the resistance of emergent processes to operate 
on form. Given the experimentation with form in our work, this is a particular 
challenge, not because algorithms are not adept at generating form – quite the 
contrary – but because of the difficulty of encoding specific intent relating to 
enclosure within these form-making algorithms. This difficulty stems from global 
ignorance, which has been the catalyst for developing our more sophisticated 
algorithms such as the manifold swarms strategy that enables design intention 
regarding form and spatial subdivision to be encoded within the algorithm.
TOWARDS A STRANGE SPECIFICITY
Reflecting on and further developing the relationship between emergent 
processes and architectural intention have revealed a shifting emphasis from 
the general or universal to an increasingly specific or idiosyncratic architecture. 
When I first began developing behavioral processes of formation, I was primarily 
concerned with articulating a methodological and theoretical basis for the 
architecture of swarm intelligence: a purist response to the wider intellectual 
and cultural milieu of emergence and the understanding of complex systems. 
Increasingly, this has become less important to my practice than developing 
a more specific approach that emerges from the relationship between self-
organising systems and more intuitive and subjective top-down decisions.  
As with all architectural projects, the projects posited in this thesis exceed, and 
are not reducible to, their concepts and processes. Strange new qualities emerge 
from the interaction between explicit decisions and generative processes that 
exceed the individual capacity or sum of those approaches. This architecture is 
intrinsically tied to the emergent capacity of non-linear algorithms. However, unlike 
many examples of contemporary algorithmic architecture, it is neither indexical 
nor an automated approach, and it does not defer authority to nature, engineering 
optimisation, or any essentialist notion of form-finding. It relies, instead, on 
qualitative evaluation that is inherently subjective and draws on intuition. Intuition 
is not equivalent to the arbitrary or wilful. Rather, intuition is a form of complex 
pattern recognition; it can, in fact, be understood as encoded knowledge. Within 
processes of Behavioral Formation, intention is partly embedded within the 
generative algorithm as behaviors and partly in evaluation embedded within our 
intuition.
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The strange qualities that emerge from behavioral processes of formation resist 
immediate evaluation. Phenomena that can be evaluated immediately, such as 
beauty or ugliness, sit within the sphere of one’s known judgments, whereas 
strangeness exceeds this scope of previous judgments – it is to a degree novel3. 
When the Swarm Matter project was being designed in 2009, for instance, it 
did not adhere to the contemporary computational design tropes of smooth 
continuous surfaces, parametric gradients, or the interest in digital Baroque 
ornament. The project had, instead, a new set of behaviors and characteristics: 
intricate, complex patterns that blur the recognition between emergent order 
and a field of anomalies. Something idiosyncratic and strange had emerged. 
Strangeness is a discernible characteristic, one that can be understood as an 
emergent qualitative phenomenon. The specificity that is created through the 
generation of strangeness is more resilient than strangeness itself. Strange 
qualities have the tendency to normalise as they become familiar to us over time – 
but their specific qualities remain. 
The contemporary understanding of complex systems and algorithmic processes 
has opened up a new space of architectural experimentation, probing the 
emergent capacities of self-organisation. The inherent conflict between the 
nominal conception of emergent formation and architectural intention risks 
isolating the architect from the algorithm. This body of work and reflective thesis 
explore the potential of a synthesis of the two: embedding the architect’s intention 
within the algorithm, and establishing a feedback loop between emergent 
processes, qualitative judgments and direct architectural decisions. From this 
emergent synthesis, we have drawn out an architecture that is inherently tied to its 
process of formation, but which is defined by its own specific, intricate, complex 
and strange characteristics.
3.  In reviewing my lecture on the relationship 
between strangeness and behavioral processes 
in 2010 (van Schaik 2010), Jan van Schaik drew 
a parallel to the first performance of Stravinsky's 
The Rite of Spring that caused a riot, which van 
Schaik attributes to the strangeness of the piece: 
‘Having worked tirelessly to invent chords and 
tonal relationships that were unfamiliar to the ear, 
the ruckus was evidence to Stravinsky that he'd 
achieved the new’.
ASTANA SYMBOL  |  2013
Strategies: strange feedback, fibrous assemblages
Project Director: Roland Snooks
Project Team: Michael Ferreyra, Armin Senoner, Marc Gibson, James 
Pazzi
KAZAKHSTAN 2017 EXPO  |  2013
Strategies: strange feedback, fibr      ous assemblages
Project Director: Roland Snooks + Robert Stuart-Smith
Project Team: Zak Kljakovic, Michael Ferreyra, Armin Senoner, Marc 
Gibson, James Pazzi, Gonzalo Valiente
SL FOUNDATION  |  2013
Strategies: strange feedback    
Project Director: Roland Snooks
Project Team: James Pazzi, Armin Senoner, Marc Gibson
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MALIBU HOUSE  |  2011-2013
Strategies: strange feedback, fibrous assemblages, polyscalar 
tectonics
Project Director: Roland Snooks
Project Team: Casey Rehm, Armin Senoner, Tommaso Casucci, Marc 
Gibson.
SWARMBODIES  |  2013
Strategies: agentBodies, manifold swarms, behavioral composites
Project Director: Roland Snooks
Project Team: James Pazzi, Marc Gibson
FIBROUS HOUSE  |  2012
Strategies: fibrous assemblages, polyscalar tectonics, behavioral 
composites
Project Director: Roland Snooks
Project Team: Ryan Wilson, Drew Busmire, Jacob Patapoff, Emily 
Knapp, Hong Bea Yang, Jose Padilla, Nick Gutierrez. Ashley 
Ricketson. Fabrication Team: Jorge Cruz, Adrian Martinez, Cody May
A collaboration between Kokkugia and Mitchell Lab (Texas A&M)
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AALTO UNIVERSITY  |  2012
Strategies: agentBodies, manifold swarms
Project Director: Roland Snooks
Project Team: Adrian Cortez, Michael Ferreyra, Michael 
Murdock
CLIFF HOUSE  |  2012
Strategies: strange feedback, fibrous assemblages, polyscalar 
tectonics, behavioral composites
Project Director: Roland Snooks
Project Team: Adrian Cortez, Zach Hoffman, Stephen Renard, Rafael 
Vazquez, Andrew Horne, Tyler Nagai, Lyly Huyen, Jorge Cruz , Adrian 
Martinez, Cody May. 
A collaboration between Kokkugia and Mitchell Lab (Texas A&M)
FLINDERS STREET STATION  |  2012
Strategies: agentBodies, manifold swarms
Project Director: Roland Snooks
Project Team: Adrian Cortez, Farzin Lotfi-Jam, Fleet Hower
A collaboration between Kokkugia and MvS Architects
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NEW TAIPEI MUSEUM  |  2011
Strategies: manifold swarms, agentBodies
Project Director: Roland Snooks
Project Team: Fleet Hower, Kaicong Wu
RIGA AIRPORT  |  2010
Strategies: fibrous assemblages, agency of structure
Project Director: Roland Snooks + Robert Stuart-Smith
Project Team: Casey Rehm, Matt Choot, Edwin Liu
NATIONAL ART MUSEUM OF CHINA (NAMOC)  |  2010
Strategies: strange feedback
Project Director: Roland Snooks + Robert Stuart-Smith
Project Team: Nicholette Chan, J Fleet Hower, Xiaotian Huang, Dane 
Zeiler, Leonid Krykhtin, Edwin Liu, Josef Musil, Ekaterina Obedkova, 
Casey Rehm, Gilles Retsin, Sophia Tang.
A collaboration between Kokkugia and Studio Pei Zhu
213
YEOSU PAVILION  |  2009
Strategies: strange feedback, polyscalar tectonics
Project Director: Roland Snooks + Tom Wiscombe
Project Team: Pablo Kohan, Fleet Hower, Ricardo Sosa
A collaboration between Kokkugia and Tom Wiscombe
BABIY YAR MEMORIAL  |  2010
Strategies: agentBodies, polyscalar tectonics
Project Director: Roland Snooks
Project Team: Casey Rehm, Fleet Hower, Bryant Netter
LIVERPOOL DEPARTMENT STORE  |  2010-2012
Strategies: n/a
Project Director: Roland Snooks + Robert Stuart-Smith
Kokkugia were engaged as Design + Computational consultants to 
design and model the builidng facade.
Project Team: Casey Rehm
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SWARM MATTER  |  2009
Strategies: agentBodies
Project Director: Roland Snooks
Project Team: Pablo Kohan
FIBROUS TOWER 2  |  2009
Strategies: fibrous assemblages, polyscalar tectonics
Project Director: Roland Snooks
MUSEUM OF POLISH HISTORY  |  2009
Strategies: agentBodies
Project Director: Roland Snooks
Project Team: Pablo Kohan
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SWARM URBANISM | MELBOURNE DOCKLANDS  |  2008
Strategies: swarm urbanism
Project Director: Roland Snooks + Robert Stuart-Smith
TORI TORI RESTAURANT  |  2009 - 2011
Strategies: n/a
Project Director: Roland Snooks + Robert Stuart-Smith
Kokkugia were engaged as Design + Computational consultants to 
design and model the builidng facade.
FIBROUS TOWER  |  2008
Strategies: fibrous assemblages, polyscalar tectonics
Project Director: Roland Snooks + Robert Stuart-Smith
Project Team: Juan de Marco
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TAIPEI PERFORMING ARTS CENTRE  |  2008
Strategies: n/a
Project Director: Roland Snooks + Robert Stuart-Smith
Project Team: Brad Rothenberg, Elliot White, Matt Howard
GUIYANG TOWER  |  2008
Strategies: n/a
Project Director: Roland Snooks + Robert Stuart-Smith
Project Team: Timo Carl
A collaboration between Kokkugia and Rojkind Arquitectos
IRAPUATO BRIDGE  |  2008
Strategies: n/a
Project Director: Roland Snooks + Robert Stuart-Smith
Project Team: Timo Carl
A collaboration between Kokkugia and Rojkind Arquitectos
217
iSAW  |  2007
Strategies: n/a
Project Director: Jonathan Podborsek, Roland Snooks
KAY APARTMENT  |  2008
Strategies: n/a
Project Director: Roland Snooks
WET FOAM  |  2007
Strategies: n/a
Project Director: Roland Snooks
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FTZ ATHENS  |  2006
Strategies: fibrous assemblages
Project Director: Roland Snooks
Undertaken as a MArch2 student at Columbia GSAPP
REFLEXIVE TESSELATION  |  2005
Strategies: n/a
Project Director: Roland Snooks
Undertaken as a MArch2 student at Columbia GSAPP
RECURSIVE NETWORKS  |  2005
Strategies: n/a
Project Director: Roland Snooks
Undertaken as a MArch2 student at Columbia GSAPP
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MORPHOGENETIC LATTICE  |  2005
Strategies: n/a
Project Director: Roland Snooks + Dave Pigram
Undertaken as a MArch2 student at Columbia GSAPP
URBAN AGENCY  |  2005
Strategies: n/a
Project Director: Roland Snooks
Undertaken as a MArch2 student at Columbia GSAPP
PARACHUTE PAVILION  |  2005
Strategies: n/a
Project Director: Jonathan Podborsek, Roland Snooks + 
Robert Stuart-Smith
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EVOLVED FOAM  |  2004
Strategies: n/a
Project Director: Roland Snooks
MARS  |  2003-2004
Strategies: n/a
Project Director: Jonathan Podborsek, Roland Snooks + 
Robert Stuart-Smith
EMERGENT FIELD (+ PRE-MAJOR)  |  2002 - 2003
Strategies: fibrous assemblages
Project Director: Roland Snooks
Undertaken as a BArch Thesis at RMIT University
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GLOSSARY OF TERMS 
Some terms in this glossary refer to complex mathematical or computational concepts. Rather than 
provide a precise technical description, this glossary attempts to describe how the term is used in 
the context of architectural design. 
affect, affectual, affective: refers to the emotional effect of architectural space on the subject. 
This particular architectural etymology is traced by Jeff Kipnis to Peter Eisenman. (See 1.4, Affects, 
Objects and ArchiLab.)
agency of structure: a design strategy developed from Kokkugia’s work that establishes a 
feedback between macro-scale structural evaluation and micro-scale agent-based heuristic 
structural behaviors. (See 2.4, Agency of Structure.)
agentBodies: a design strategy developed from Kokkugia’s work that encodes agent behaviors 
within the topological structure of a component or body. (See 2.5, AgentBodies.)
algorithm: a set of instructions that coordinates a sequence of procedures or operations. An 
algorithm is a procedural logic that doesn’t necessarily relate to digital computing. However, 
computers are highly efficient tools for executing algorithms.
behavioral composites: a design strategy developed from Kokkugia’s work that explores the 
relationship between behavioral processes of formation and fibre composite materials. (See 2.7, 
Behavioral Composites and Robotic Fabrication.)
Cartesian space/coordinates: a system of defining geometry in space using x, y and z 
coordinates. René Descartes developed Cartesian coordinates in the seventeenth century. 
cellular automata rule 110: a one-dimensional cellular automation that operates on the edge of 
chaos. Cellular automata is a grid of cells, each with a state (such as black or white). These states 
change iteratively in response to the adjacent cells. 
complex system: a system in which the whole is greater than the sum of its parts. Complex 
systems operate through the interaction of lower level parts that self-organise in creating higher 
levels of order.
computation: involves calculation or information processing. It is generally used to refer to digital 
computation and the use of computers for executing algorithms.
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ETFE: a polymer (ethylene tetrafluoroethylene). ETFE foil is used for transparent skins in building 
construction. It is typically inflated to create the necessary structural rigidity.
emergence: used in this context to describe something discernible arising from the behavior of a 
system. Complex systems and self-organising processes can generate emergent patterns, forms 
and organisations. 
explicit modelling: used in this context to describe the modelling of geometry through direct, 
causal, linear operations. (Also sometimes referred to as direct modelling.) It is opposed to 
generative modelling, which involves an abstraction between the inputs and the geometry. 
fibrous assemblages: a design strategy developed from Kokkugia’s work, operating through the 
self-organisation of agent-based strands. (See 2.1, Fibrous Assemblages.)
global: often used in this context to describe the macro-level of a system.
global ignorance: describes the inability of an agent to understand the system of which it is a part. 
Multi-agent systems are designed to interact locally in order to generate a complex system. (See 
3.5, Global Ignorance.)
heuristics: a rule of thumb or intuitive guess. Heuristics are used as a shortcut to solve a problem 
based on experience. 
indexical: the relationship between an object and its process of formation. In this context, 
it is generally used to describe a discernible, linear relationship between formation and the 
characteristics of the object.
isosurfacing: a surface description of a threshold of equal value within a field. It is typically used 
in computational architecture to extract a surface from a field of values or to wrap lower level 
geometry, such as points or lines, to create a mesh surface. 
l-systems: or Lindenmayer systems, are substitution algorithms that recursively replace or write a 
symbol to replace the symbols of the current iteration. L-systems were originally developed by Astrid 
Lindenmayer to model the branching growth of plants.
kinematics: describes the motion of geometry. In this context, it specifically describes the motion 
of geometry with jointed parts, such as a skeleton or robot arm. Inverse kinematics describes this 
motion relative to an unrestrained point of the jointed system; for example, the motion of an arm 
can be controlled through inverse kinematics by moving the hand. Inverse kinematics is a common 
strategy employed in animation software.
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manifold surface: requires a complex mathematical description, but it is used in this context to 
describe orientable, two-dimensional manifold topology. These can be described as surfaces with 
two discrete sides, or a surface in which the surface normals aren’t locally inverted.
manifold swarms: a design strategy developed from Kokkugia’s work in which a swarm of agents 
self-organise to create coherent manifold surfaces.
monocoque: a structural system that operates primarily through surface. Eggs and composite fibre 
airplane fuselages are examples of monocoque structures.
morphology: the study of form or shape. In biology, it refers to the structure and form of organisms.
morphodynamic, morphogenetic: morphodynamic refers to the nature of a processes of 
formation that is dictated by influences exterior to the system, while a morphogenetic process 
generates form through the system’s own internal logic.
non-linear: the output of a non-linear system is not proportional to its input. Non-linear is also used 
to describe the mutual interaction of a system’s parts – without hierarchy.
parametric (design, modelling, software, etc.): parametric (or associative) modelling is used in 
this context to describe a linear relationship between a parameter and geometric manipulation. This 
logic forms the basis of some contemporary modelling software. 
parametricism: a term coined by Patrick Schumacher to describe what he considers to be the 
next major style after the International Style.
piezoelectric: a piezoelectric charge is generated in certain materials in response to pressure. 
Piezoelectricity generation is beginning to be used to harness wind energy.
poche: originally a French architectural term that describes the indication of solid elements such as 
walls and columns that are cut by the drawing plane within architectural drawings, such as plans 
and sections. 
polyscalar tectonics: a design strategy developed from Kokkugia’s work that produces a 
self-similar effect where the same generative procedure is repeated at various scales. (See 2.2, 
Polyscalar Tectonics.)
processual: relates to process, or the study of processes.
225
reaction diffusion: an algorithmic process that distributes concentrations of substances in space 
through the interaction of processes of chemical reaction and distribution, often over a surface. This 
algorithm can be seen in biology, and it possibly plays a central role in morphogenesis. It is argued 
that this algorithm is responsible for the patterns of animal skins such as those of zebras and tigers.
spline: a mathematical description of a curve that is generally smooth and continuous. The 
term is adopted from the thin timber or metal strips used for drafting curves. Computational 
spline geometry is incorporated in many contemporary 3D modelling software packages used in 
architecture.
stigmergy: a process of indirect communication between agents in a system of swarm intelligence. 
Stigmergy creates a feedback loop where the agent affects its environment and the environment 
affects the agent. (See 3.6, Stigmergy.)
stochastic: describes a random state of a system. Stochastic systems use probabilistic 
approaches to problem solving.
strange feedback: a design strategy developed from Kokkugia’s work that negotiates between 
explicit modelling operations and generative procedures in a feedback loop. (See 2.3, Strange 
Feedback.)
swarm intelligence: the local interaction of distributed autonomous agents from which collective 
behavior emerges. 
swarm urbanism: a design strategy developed from Kokkugia’s work that applies the self-
organising logic of multi-agent systems to urban design. (See 2.8, Swarm Urbanism.)
topology: the mathematical study of space and shape, and in particular its continuity or 
connectivity. In this context, it is used to describe networks of connection and surfaces that are 
sometimes described as rubber sheet geometry – as a topological surface can change shape 
without changing its topology. This understanding had significant influence on the architectural form-
making during architecture’s digital turn of the 1990s. 
voronoi: an algorithm for dividing space through the relationship of points. A voronoi is based on 
lines or surfaces that are equidistant and perpendicular to the two closest points.
voxel: a three dimensional pixel.
0.0.1, Roland Snooks, behavioral formation diagram, 2012-2014.
1.1.1, Lorenz Attractor, Wikimedia Commons (unrestricted reuse).
1.1.10, Roland Snooks, “Emergent Field, plaza render”, 2003.
1.1.2, “AD: Folding in Architecture, edited Greg Lynn”, 1993.
1.1.3, “ANY23, edit Ben van Berkel + Caroline Bos”, 1998.
1.1.4, “Animate Form, Greg Lynn”, 1999.
1.1.5, “AD: Architecture After Geometry, Donald Bates + Peter Davidson”, 1997.
1.1.7, Roland Snooks, “boids algorithm, behavior diagram”, 2008.
1.1.8, Roland Snooks, “Emergent Field, render montage”, 2003.
1.1.9, Roland Snooks, “Emergent Field, agent-generated plaza diagram”, 2003.
1.2.1, Roland Snooks, structurally bundling strands, 2008.
1.2.10, Roland Snooks, project/strategy timeline, 2014.
1.2.2, Roland Snooks, multi-agent turbulent formation, 2010.
1.2.3, Roland Snooks / Kokkugia, high population intricate geometry - Babiy Yar Memorial, 2010.
1.2.4, Roland Snooks / Kokkugia, fibrous assemblage - Fibrous House, 2012.
1.2.5, Roland Snooks, “Emergent Field, programmatic self-organisation”, 2003.
1.2.6, Studio Roland Snooks, Woven Composites study, 2012.
1.2.7, Studio Roland Snooks, “Kazakhstan Symbol, detail”, 2013.
1.2.8, Roland Snooks / Tom Wiscombe, “Yeosu Pavilion, detail”, 2009.
1.2.9, Roland Snooks, ecologies and contextually differentiating swarm diagram, 2014.
1.3.1, Roland Snooks, “cellular automata, rule 110”, 2012.
1.3.2, Roland Snooks, catenary model diagram, 2012.
1.3.3, Roland Snooks, wet grid, 2012.
1.3.4, Roland Snooks, voronoi diagram, 2012.
1.3.5, Roland Snooks, reaction diffusion diagram, 2012.
1.3.6, Roland Snooks, flock diagram, 2012.
1.3.7, Roland Snooks, ant-trail diagram, 2012.
1.4.10, Alisa Andrasek / Jose Sanchez, “Alisa Andrasek / Jose Sanchez, Bloom”, (photo: Roland  
 Snooks), 2012.
1.4.11, Kokkugia, NAMOC model detail, (photo: Roland Snooks), 2010.
1.4.12, Kokkugia, Kokkugia’s NAMOC and Babiy Yar projects at ArchiLab , (photo: Roland Snooks),  
 2013.
1.4.2, Ali Rahim + Hina Jamelle, “AD: Elegance, edited by Ali Rahim + Hina Jamelle”, 2007.
1.4.3, Michael Hansmeyer, “Michael Hansmeyer, Subdivision Columns”, (photo: Roland Snooks),  
 2013.
1.4.6, Neri Oxman, “Neri Oxman, Pneuma 1”, (photo: Roland Snooks), 2013.
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1.4.7, Marc Fornes / THEVERYMANY, “Marc Fornes / THEVERYMANY, Double Agent White”,   
 (photo: Roland Snooks), 2012.
1.4.8, Achim Menges / ICD, “Achim Menges, ICD Pavilion 2011”, (photo: Roland Snooks), 2011.
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2.1.3, Roland Snooks / Kokkugia, Fibrous Tower xray drawing, 2009.
2.1.4, Roland Snooks / Kokkugia, strand behavior diagram, 2014.
2.1.5, Roland Snooks / Kokkugia, Fibrous House strand drawing, 2012.
2.2.1, Roland Snooks, polyscalar strand diagram, 2014.
2.2.2, Roland Snooks / Kokkugia, “Cliff House, polyscalar surface detail”, 2012.
2.2.3, Roland Snooks / Tom Wiscombe, Fibrous House detail, 2012.
2.2.4, Roland Snooks / Kokkugia, Yeosu Pavilion detail, 2010.
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2.3.2, Kokkugia, NAMOC algorithmic strand model, 2010.
2.3.3, Roland Snooks / Tom Wiscombe, Yeosu Pavilion surface chunk, 2009.
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2.5.1, Studio Roland Snooks, “Aalto University, skylight study”, 2012.
2.5.2, Studio Roland Snooks, “Aalto University, skylight plan”, 2012.
2.5.3, Studio Roland Snooks, “Aalto University, woven composite study”, 2012.
2.5.4, Studio Roland Snooks, “Composite Swarm, agentBody diagram”, 2012.
2.5.5, Studio Roland Snooks, “Composite Swarm, agentBody interaction diagram”, 2012.
2.5.6, Studio Roland Snooks, “Aalto University, woven composite studies”, 2012.
2.6.1, Roland Snooks, manifold swarms behavior diagrams, 2012.
2.6.2, Studio Roland Snooks, “New Taipei Museum, section”, 2011.
2.6.3, Studio Roland Snooks, manifold swarms topology studies, 2012.
2.6.4, Studio Roland Snooks, manifold swarms topology studies, 2012.
2.6.5, Studio Roland Snooks, manifold swarms topology studies, 2012.
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